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What we do:  Integration and Application of Data Assimilation, Observations, and Modeling
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What we do:  Integration and Application of Data Assimilation, Observations, and Modeling


1. Modeling
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Existing Coupled
DGVM-GCM’s

» |[BIS-CCM3 (Foley, U. Wisc; NCAR)
 TRIFFID-HadCM3 (Cox, Hadley Ctr.)

« LPJ-Bern CC (Max Planck, Potsdam, Bern)
 LPJ-NCAR Community Climate Model (Bonan)
 ED-GFDL (Pacala, GFDL)

* |In progress:
MAPSS revision (Neilson, Oregon State U.)



- SCIENTIFIC COMMUNITY GOALS:

ENT will be a standalone set of modules that can be used by the climate modeling
community to couple with land hydrology models and atmospheric GCMs

Research questions: GISS GMAO NAI Science

community

synoptic/seasonal weather evolution

data assimilation

vegetation phenology

global carbon budget

global change: past, present, and future

vegetation-climate feedbacks

astronomical biosignatures
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4 column - table

Checkboxes for GISS, GMAO, VPL
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D weometric Vptical ana
Radlatlve Tansfer Model

R e B Geometric Optics (GO)

theory:

*Gap Probabilities

eareal proportions of sunlit
and shaded scenes

Radiative Transfer

(RT) theory:
*Multiple Scattering
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Inputs 

 Vegetation structure parameters: 

tree geometry (size, shape) and density  and leaf area and orientation

 Spectral properties of  leaf and background 

Outputs

Vertical profiles of radiation components: reflectance, transmittance, and absorption 

Sunlit and  shaded  areas of tree crowns and background






Ent Canopy Radiative Transfer

Analytical Model for Clumping Factor

Beer's Law with (based on Li and Strahler, 1988)

clumping factor, vy

|S: penetration function (fraction) for
beam radiation

G: leaf orientation function

L: leaf area density

0: solar zenith angle

Clumping factor, y

Non-overlapping crowns
( 1- (ZFR +1)e‘2rR y=1, no clumping, leaves random
R > S y<1, clumped
4FR Z(FR) y>1, uniform/dispersed

where:

FR GFaR( 1+tan %_ 3GLAIL 1+tan 0 )—

y: clumping factor

o7
) tn26’ 4A7R +% tan?

0= solar zenith angle, Fa = foliage area volume density,
R = crown radius, b/R = crown ellipticity, A = tree density
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2. Satellite Observations
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eForest Structure
—Vertical Distribution
—Functional characteristics: height, crown size and shape
—Aggregated distribution — foliage profile
—Horizontal Distribution
—Density (or cover)
—Arrangement (spacing,faps, clearings)
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My research has primarily focused on estimation of forest structure

	By “forest structure” I’m refering to the physical composition of forests  

	Tree level

	Plot level  *Aboveground biomass- total dry weight of all of this physical structure

Also focused on spatial properties of forests

	-How do  environmental conditions influence?

	-How do we influence? (Dynamic systems)



Definition--The horizontal and vertical distribution of the component of biomass within a plant community 

Vertical distribution – stratification of the vegetation into layers related to age class and growth form variations 

Upper, mid and lower strata – with varying functional characteristics (such as growth form, crown size, openness and cover) in the layers

The aggregated distribution of biomass (leaves, stems and crowns) -- foliage profile

Horizontal distribution – arrangement (spacing) and density (or cover) of plant material at a given level and the size  distribution of the “clearings” and “gaps” in various layers 








Lidar Remote Sensing
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3D mapping and imaging
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Another way to visualize this data. Since the LVIS lidar instrument scans across a wide swath, we can look at volumetric properties of forests (this data is from Costa Rica)


Empirical Relationship of Lidar with

AGBM
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Simple Model: log transformation to link
waveforms and vertical foliage profile
Assume vegetation canopy homogeneous:
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…As such Lidar canopy metrics are highly correlated with forest structural characteristics (such as AGBM)  


Above Canopy Lidar Modeling

BLK: lidar
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Ni-Meister et al (2001)



Below Canopy Lidar Modeling
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Above Ground Biomass Estimate
from Above- and Below- Canopy
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3. Data Assimilation



A Data Assimilation

Data Assimilation merges observations & model predictions to provide a superior state estimate.

maly!isl model m\l{m model L model
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Data density and model memory.


Motivation: Impacts of Soil Moisture On Climate
A Prediction

Knowledge of soil moisture has a greater impact on the predictability of summertime precipitation

over land at mid-latitudes than Sea Surface Temperature (SST).
Index of Precipitation Predictability {(JJA):
Given Predictability of SSTs

Increase in Potential Predictability Due to Land Surface Processes

0.55

2
=
: s o ° =
3 @ 8

Soil moisture persists for months and can impact weather through evaportation

Due to lark of long term observations over large areas, such impacts are often seen in
AGCM studies Koster et al, 2001



Assimilate Microwave Remote Sensed Soll
Moisture into a Land Surface Model

Surface SM: DA with matched error
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Summary

e Global Dynamic Ecosystem Model
e Simulate tree growth
e Estimate fluxes of C, N, energy,H20
e Lidar Remote of Forest Structure
e Estimate above-ground C store
 |nitialize models
e Data Assimilation
e Integrate model and remote sensing data
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