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The central goal of studies on terrestrial system

The pattern-based prediction of states and fluxes of water, CO,, and energy in terrestrial systems across scales
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Goal of SFB/TR32 Project

Determine the predictability of states and fluxes of water,
carbon, and energy of terrestrial systems

3D Models in TR32
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In-situ soil/vegetation
observations: Sap-
flow on crops and
trees, sun-induced
fluorescence, MIRS

(Simmer, 2014)

Major Achievements of TR32 - Monitoring
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Major Achievements of TR32 - Modeling
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Major Achievements — Data Assimilation

EURAD: joint optimisation

of initial values and 3 I
emission factors « -
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The SFB/TR32 Project

« Regional Cooperation
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The SFB/TR32 Project

« International Cooperation
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How to build a terrestrial system model?

TerrSysMP

Atmospheric
circulation model

- Land surface model <« VN — \
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Terrestrial System Modeling Platform

« Input data, model structure, and output
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(Simmer, 2014, Shrestha et al., 2014)




Theories

Land surface model schemes
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Numerical model structure

Real World
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Core of land surface model

o FEnergy and mass conservation

ENGERY ;, = ENERGY ,u: + AENERGY
MASS;, = MASS,u: + AMASS

Major schemes

Radiative
Transfer

Heat flux || Hydrology

Vegetation

A ¥
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Minor schemes
Carbon Nitrogen
5 Urban
cycle cycle

(http://www.cesm.ucar.edu/models/clm/images/clm.components. jpg)

Biogeochemical cycles




CLM: Land surface process (1)

Radiative transfer scheme
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(a) Radiative transfer scheme



CLM: Land surface process (2)

Heat fluxes scheme

Rpet = MNEr+ FEc+ Eq)+ Hy + Ho + G
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CLM: Land surface process (3

Hydrological scheme
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Vegetation scheme
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Vegetation scheme: Leaf Area Index

Measurement

Satellite

Modeling / Parameterization

Scaling up from leaf to canopy
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Vegetation scheme: stomatal conductance

Transpiration

photosynthesis

H,0
CO, C L
Stomata
— Ktot R ':Ps _'Pl
28. Oren et al. 1999 8s A, VPD
29. Tyree & Sperry 1988 F=Kaup (¥Ya—¥s) architecture description
Sperry et al. 1998
A!ICI
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Vegetation scheme: stomatal conductance

Jarvis-Stewart (1988) gs = f(PAR)f(neaf)f(ée)f(gw)
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(Jarvis, 1976; Stewart, 1988)

(Sellers et al., 1997, Scrence, based on Jarvis (1976))



Vegetation scheme: stomatal conductance

AnetHR
Ball-Berry-Collatz (1991) 9s = 9s,min T mT
Ball-Berry-Leuning (1994) Go = Gomin + mAgetf ((;6)

Farquar et al. (1980) ' |

_ V(pi =17,)
P+ K (1+[0,]1/K,)

= | I | [ S N RN e -

(Collatz et al., 1991; Leuning, 1994)

(Farquar et al, 1980)



Vegetation scheme: Root distribution

Root distribution Soil water limitation factor(s)
Loam
0.00 a 1.0 b
012
021 —-=-Noah
--— SSiB 0.8
0.37 -t
062
= 0.6
_'9
8
104 « 0.4 -
E 0.2
T 173 /
0.0 —t . . . 0.0 — . . .
0.00 0.10 0.20 0.30 0.40 0.00 0.10 0.20 0.30 0.40
,“'.I —— NET.NDT Soil Moisture (m*/m?®) Soil Moisture (m*m?)
/ BET
/ —— BOT Clay
—— SHRUB 1.0
/ —— GRASS
2.35 ¥ I I I —I {RC‘P 0_8 —
0.0 01 0.2 03 04 05
distribution (-}
= 0.6
9
[&]
&
« 0.4
0.2
0-0 , 1 I.I L " L + :

0.00 0.10 0.20 0.30 0.40
Soil Moisture (m%*m?)

(Nie et al. 2011)
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Partlow: groundwater model

« Surface flow: « Flow velocity (Manning's Equation)
Water outflow Infiltration
s | \ [ /S,
ot ZV7¢S+(]T—|—Q6 7:—fw3/3
") J n
Change of water Precipitation

height on surface

« Subsurface flow Water flow
Ovn  00s(vp)-9) 1 )
1N J \ J J
Compressed water Change of water Sink/ Source
releasing storage

o Flow velocity

q = —ksk, . (Vr)V (Y — 2)



Results & Discussion

Stomatal conductance
LAI
Turbulent heat fluxes

Groundwater



Model setup

JS-type
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Stomata conductance
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Results : Latent heat flux

Monthl d di 1 cycle of
Monthly mean latent heat flux ontily averaged diurnal cycle o

components of latent heat flux, July
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Results : Sensible heat flux

, Monthly averaged diurnal cycle of
Monthly mean sensible heat flux J . . J
components of sensible heat flux, July
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Result: Bowen Ratio




Results: soi1l moisture

« Daily mean soil water content

Soil Moisture - yrl2 @ RG
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Results: model performance for grass

« 1ndex of agreement

JoA — Zt 1(075 ) Zt 1(Pt )

>y (0 —
_---
BBEC-MO 0.87 0.80
BBL-MO 0.87 0.46 0.60 0.80
JS-MO 0.87 0.81 0.57 0.80
BBC-TL 0.86 0.72 0.61 0.83
BBL-TL 0.86 0.77 0.62 0.83
JS-TL 0.86 0.86 0.62 0.83
Not affected at alll Not affected at alll



data period: 2012-2013
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Results: vegetation scheme - WTD

Monthly mean soil moisture limitation factor (5), July
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Results: heat fluxes - WTD

Monthly mean latent heat flux, July
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Discussion

« Propagation path:

Heat flux scheme




Future Work

Outlook

TerrSysMP

Improving vegetation scheme
Validation with observation data

Incorporating with slope stability analysis

Effect of climate change on terrain
modification (e.g. erosion *-* )
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Thank you for yvour attention




