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Uncertainty in Coupled Climate-Carbon Models
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Sources of Uncertainty

Model Structure

Model Parameter

Initial Conditions/Model States
Spin Up

Boundary Conditions
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CAN DATA ASSIMILATION HELP?



Is DA different for NWP and CC models?

_ Data Assimilation in NWP Data Assimilation in CLM

Main objective Forecast improvement Process understanding
Regional quantification
Forecast improvement

Dynamics Physics — Physical, biological, chemical —
essentially well known from first  Only partially known, empirical
principles relationships, optimized

parameters

Spatial Smoothly varying, continuous Sub-grid heterogeneity with

representation fields discrete boundaries, no lateral flow

Observations  High spatial and temporal Very different spatial and temporal
density characteristics

Mathematical = Optimization of initial conditions Initial value problem (e.g. pools)
problem Boundary conditions (e.g. fluxes)
Parameter optimization
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THE MODEL
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The evolution of Earth System Models

Growth of Climate Modeling
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The Community Land Model
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DATA ASSIMILATION RESEARCH
TESTBED
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Data Assimilation Research Testbed (DART)

Data

Assimi|ation

Research
Testbec’

« DART is a community facility
for ensemble DA

« Uses a variety of flavors of
filters

— Ensemble Adjustment
Kalman Filter

« Many enhancements to basic
filtering algorithms
— Adaptive inflation
— Localization

 Uses new multi-instance
capability within CESM
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DART-CLM
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Observations we can use with CLM-DART

Leaf area index

Above ground biomass

Canopy nitrogen

Snow cover fraction

Microwave brightness temperature
Cosmic ray neutron intensities
Total water storage anomalies (GRACE)
Soil moisture and temperature
Latent heat flux

Sensible heat flux

Carbon fluxes (NEP, GPP, ER, SR)
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DEMONSTRATE IT WORKS
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New Mexico Elevation Gradient (NMEG)
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Site level assimilation of MODIS LAI
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Site level assimilation of Biomass
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Impact of assimilation on CO, flux
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NEW OBSERVATIONS
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New Remote Sensing Observations

ECOSTRESS

Studying Plant Water
Use and Stress

m GLOBAL ECOSYSTEM
DYNAMICS INVESTIGATION
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Vegetation Optical Depth and SIF

Courtesy Bill Kolby-Smith, UA
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Global Biomass OSSE
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You can take the boy out of Data Products...

Leverage existing

Add novel

Calibration datasets and Data Assimilation Ensemble Data Products Production and Validation
-~ 4 N 4 p N D
. GOME/GOSAT/OCO2 . Gross Primary FLUXNET MTE
£ SIF Community L Productivity ) FLUXNET15
S - : Land p s
g Mulhgensor Model Total Ecosystem } SRDBV3.0 BondLamberty &
S L VOD biomass L Respiration ) Thompson (2014)
S
B (" GRACEtotal \ z y s N il D USFS Forest Inventory
| waterstorage L Productivity ) Flozroeg;()Structures (Luyssaert et
a
EnKF/EnKS a0 | NAsA Hyspiri lidar
MODIS/VIIRS Losses Global Forest Change V1.2
LAI/FAPAR CLM DART N Y ,
~ Tested at the site level using P ~ CMS: Houghton-02
s NASA & ground based observa- Current Carbon CMS: Land Biomass Products
» Prototype tions and provides constrained Stock LandSat
£ L ECOSTRESS & GEDI estimates of carbon flux & stor- N - USFS Aerial S
g P age with associated uncertainty 4 Net Biome h eral surveys
S CMS products derived from the model ensem- Productivity } iLamb
v Science Team Co-ord ble spread which includes the U J
~ calibration data uncertainty. \ S
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The _actual_work in process

. Finish GMD paper that documents details of
implementation, flux tower observations and global
OSSE

. Compare global carbon balance calculated from CLM —
satellite phenology, CLM — Biogeochemistry and CLM-
BGC with DART and satellite leaf area observations

. A NASA Terrestrial Hydrology proposal to use GRACE,
SMAP, and ECOSTRESS observations

. Switch to using CLM5

. Parameter estimation in CLM with DART — how and

which parameters?

. Make CLM-DART a useful, popular, routine and
effective tool for the CLM user community
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