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Remote Sensing and Modeling

Remote Sensing

NASA Blue Marble*

Global continuous monitoring Global simulation
Many spectral bands & variables Many biogeochemical variables
Fine resolution (diagnostic) Future prediction (prognostic)

Cloud/aerosol/topography/ionosphere  Estimation uncertainty
Short time coverage, drift, discontinuity |nsufficient validation
No future prediction

. Low frequency (except stationary ones) Low-middle spatial resolution

Modeling of Terrestrial Ecosystems

Terrestrial ecosystems (e.g., forest, grassland, shrub, desert etc.)
=> great diversity, heterogeneity, and complexity inc. human factors

Ecosystem modeling needs simplification (and assumptions)
focusing on:
- structural aspects
=> height, volume, biomass, density, surface area, etc.
- functional aspects
=> productivity, gas exchange, resource use (efficiency) etc.

Many terrestrial ecosystem models have been developed:
- classic: mathematical models (e.g., logistic, Lotka-Volterra)
- modern: process-based (e.g., CASA, Biome-BGC)
- recent: dynamic / integrated (e.g., DGVMs, VISIT)
=> analysis, interpretation, prediction, application etc.

=> ESMs => management



E Structural Models

Mechanistic sealing of ccosystem Fanetion and dynamics in space
and time: Ecosystem Demography model version 2

. Mgy ' 5. €. Wolsy." 1. W. Munger’ D, ¥. Hollinger* and P, &. Moorcrof”

» Composition of plant functional types
* VVegetation canopy height
Atmosphenc gnd cell * Individual density and size distribution

@ Ecosystem Demography version 2
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BEYOND POTENTIAL VEGETATION: COMBINING LIDAR DATA
AND A HEIGHT-STRUCTURED MODEL FOR CARBON STUDIES
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Regression-based approach (cancelled)
Field data Lidar heights Lidar height vs. Lidar-derived carbon
field biomass
:.-‘;.‘
? _
Validation
ED-based approach
Lidar heights ED relationship ED-derived ED-derived
and look-up table carbon carbon fluxes
TERE

CARBON =

Initialization

Fic. 4. Summary of the methodology for the regression-based and ED (ecosystem demography)-based approaches. The
top row illustrates the regression-based approach in which field data and lidar data are statistically related and used to produce
mapped estimates of carbon stocks. The bottom row illustrates the use of lidar data to imtialize the ED model to produce
mapped estimates of carbon stocks and net fluxes. Regression-based and ED-based estimates of carbon stocks are compared

for validation S\
(Hurtt et al. 2004)



Functional Model

VISIT Vegetation Integrated Simulator for Trace gases

) . (Developed by NIES & JAMSTEC)
Objectives

» Atmosphere-ecosystem biogeochemical interactions
» Assessment of climatic impacts and biotic feedbacks
» Ecosystem functions related to ecosystem services
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Uncertainty o
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Carbon residence time dominates uncertainty in  Quantifying uncertainties in soil carbon responses to changes
terrestrial vegetation responses to future in global mean temperature and precipitation
climate and atmospheric CO,
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Friend, A. D., et al. (2014), Carbon residence time dominates uncertainty in terrestrial
vegetation responses to future climate and atmospheric CO,, Proceedings of the National
Academy of Science U.S.A., 111(9), 3280-3285, doi:10.1073/pnas.1222477110.
Nishina, K., et al. (2014), Quantifying uncertainties in soil carbon responses to changes in
global mean temperature and precipitation, Earth System Dynamics, 5, 197-209,
doi:10.5194/esd-5-197-2014.

Different types of models
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R Focal Area: Tipping Elements

INVITED REVIEW

Observing terrestrial ecosystems and the carbon cycle
from space

A A g Tipping elements: large-scale irreversible change
=> future risk and feedback

FRANKENBERG', EATHY HIBBARD" and PETER COX

Boreal forest

Tropical forest
=> dieback

Observational gaps
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(Schimel et al., 2015)

T Gaps in Field Observations

Observing terrestrial ecosystems and the carbon cycle

from space
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(Schimel et al., 2015) Latitude



Earth Observations
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(Ciais et al., 2014)

Estimated Biomass Distribution

VISIT

Model estimation based on

mass-balance (or growth)

ABiomass = Photosynthesis — Respiration — Litterfall — (Burning + Harvest)

=> Forest degradation could be underestimated
=> Need more validation for both stocks and flows

Aboveground (leaf+stem): 454 Pg C (85.4%)

Biomass (above)

Belowground (root): 78 Pg C (14.6%)

Biomass (below)

Biomass (below) (Mg C/ha)
<
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Validation data

Table 27: Validation datasets for biomes models. Please note the data use restrictions indicated below the table.
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LiDAR-observed Biomass

(Saatchi et al. 2011, PNAS)
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Scale-gap can be reduced by fine-resolution
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RS of Biodiversity
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Forest Species Richness

(Hall et al., 2011)

Scrub/2nd Growth Species Richness

Biodiversity (bird)
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Concluding remarks

Observational data Models Insights

* land-use / -cover
* net carbon budget
* GHGs exchange

« vegetation height
« individual density

« volume / biomiss
oLl | + ecosystem service
ion i * biodiversity
« vegetation indices i
* LAl / fAPAR => REDD+ MRV

* productivity

* biomass burning

* atm. comp. & flux
(+ precipitation

« soil moisture etc.)

» extreme event

« disturbance

s - * risk & vulnerability
E==mmi=—===t « resilience

=> management
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Land-cover change

2000-2012 Landsat data + Google Earth Engine

Forest cover Gain (0.8 x 10 km?)

Forest gain

- >80%
]

Forest loss

W%
=
. 0%
Loss (2.3 x 10% km?2) Net change
. 21
(Hansen et al. 2013, Science)
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(Pan et al. 2011, Science)



GLOBAL CARBON
PROJECT

CO: flux (Gt COz/yr)

Global Carbon Budget

Data: CDIAC/NOAA-ESRL/GCP/Joos et al 2013/Khatiwala et al 2013
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