
生態気象学特論

Ecosystem Modeling

生態気象・植山
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Type of Ecosystem Model

DGVM (dynamic vegetation model)

Prognostic model

Diagnostic model
Consider relationship of process
f(x, y, z, ….)
Empirical and statistical models
.. , thus, static

Consider pools (time integration)
dC/dt

Consider vegetation dynamics
(competition, succession, disturbance)

Statistical model

Regressions
statistics

Machine learning

Earth System Model



Model Spin-up

Time

Variables

Equilibrium

Hundred to thousand years



Flow
Data preparation

Model development

Parameterization

Validation

Application

Independent data

Observations
Survey
Gap-filling

Survey
Optimization
Assimilation
Sensitivity test

Generalization

Data



Parameterization Biome-BGC



Parameterization

Field Survey

Literature Survey

Optimization （最適化）
statistical or numerical,  Bayesian MCMC, etc

Assimilation （同化）
Karman filter, etc



Parameterization
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Parameterization
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(Schulz et al., 2001; Amr. Meteorol. Soc.)

Equifinality (等至性)



Validation

(Ueyama et al., 2010; BG)
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Validation

(Ueyama et al., 2010; BG)

GPP

respiration ET

NEE



(Sitch et al., 2003; GCB)

If you want to know processes for the global scale, 
validation should be done for the global scale.



Validation Tayler diagram

(Ichii et al., 2013; JFR)



Validation

Time scale
Processes that we want to know

Extreme Events
Independent data
(separate train/test data)

Equifinality

(diurnal, daily, seasonal, interannual, decadal) 



Applications

Spatial extrapolation, interpolation

(Ito &  Oikawa, 2004)



(Friedlingstein et al., 2014; Amri. Meteorol. Soc.)

Sink

Source

Applications

Prediction, retrospective analysis
(Time extrapolation, interpolation)



Applications

Control experiment

(対照実験)

Model

f(x, y, z, ..)

parameters

input

x+a
y*b
z
……

output

A
B
C
D
…..



Control experiment

Applications

(Ueyama et al., 2010; BG)

±3σ

(対照実験)



Applications

Attribution experiment
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Applications

Attribution experiment

(Nemani et al., 2003; Science)



Applications

Model-data fusion (Optimization)

Ecosystem Model

f1(clim., CO2, ..)

parameters

input

climate
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…

f2(x, y, z, ..)

Number of data is available, recently!

Constrain



Uncertainty evaluation

Input Data

Model development

Parameterization

Validation Application

Data uncertainty

Model uncertainty

Parameter uncertainty



Input Data Uncertainties Biased input

(Ito & Sasai, 2006; Tellus B)



Parameter Uncertainties
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(Schulz et al., 2001; Amr. Meteorol. Soc.)

Equifinality (等至性)



Model Intercomparison (MIP)

Compare different models

(Friedlingstein et al., 2014; Amri. Meteorol. Soc.)

Sink

Source



Model Intercomparison (MIP)

(Friedlingstein et al., 2014; Amri. Meteorol. Soc.)



Uncertainty evaluation (IPCC; Chapter 9 in AR5)



Model Intercomparison (MIP)

(Melton et al., 2013; Biogeosciences)



Scientific confidence

Qualitative (increase / decrease)

Quantitative (xxoC increase)

Quantitative with error bands
(xx±xxoC increase)

Increase confidence!



Scientific confidence

(Rogelj et al., 2012; Nature Clim. Change)

(ECS; Equilibrium climate sensitivity)



Data driven approach

Machine Learning
Deep Learning

Model

f(x, y, z, ..)

Input
(big data)
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Training
data

A

Test
data

A’
Often black Box

Hyper parameters



Data driven approach

Neural Network
Support Vector Machine
Random Forest
Boosted Trees
Decision Tree
K-Means
Elastic net/Lasso/Ridge




