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What is C-LAMP?

* The Carbon-Land Model Intercomparison Project (C-LAMP) began as a CCSM
Biogeochemistry Working Group project to assess model capabilities in the
coupled climate system and to explore processes important for inclusion in the
CCSM4 Earth System Model for use in the IPCC Fifth Assessment Report (ARS)

* Unlike traditional MIPs, C-LAMP was designed to confront models with best-
available observational datasets, develop metrics for evaluation of biosphere
models, and build a general-purpose biogeochemistry diagnostics package for

model evaluation
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Computational Climate Science End Station

« C-LAMP is a Biogeochemistry Subproject of the Computational Climate Science
End Station (Warren Washington, Pl), a U.S. Department of Energy INCITE Project

* Models were initially run on the Cray X1E vector supercomputer in ORNL's
National Center for Computational Sciences (NCCS)

1024 processors (MSPs), 2048 GB memory, and 18.08 Tflop/s peak
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Model configurations

 Biosphere models coupled to the Community Climate System Model
version 3.1

— CLM3-CASA'—Carnegie/Ames/Stanford Approach Model previously run in
CSM1.4 (Fung)

— CLM3-CN—coupled carbon and nitrogen cycles based on the Biome-BGC
model (Thornton)

— LSX-IBIS—Integrated Biosphere Simulator from U. Wisconsin previously run
in PCTM (Thompson)

« Because LSX-IBIS is not coupled to the CLM3 biophysics and was
not a candidate for inclusion in CCSM4, only CLM3-CASA" and
CLM3-CN were evaluated in C-LAMP

« CCSM3.1 partially coupled (“I” & “F” configurations) run at T42
resolution (~2.8° x 2.8°), spectral Eulerian dycore, 1° x 0.27°-0.53°
ocean and sea ice data models (T42gx1v3)



C-LAMP protocol overview

« Experiment 1: Models forced with an improved NCEP/NCAR
reanalysis climate data set (Qian et al. 2006) to examine the influence
of climate variability, prescribed atmospheric CO,, and land cover
change on terrestrial carbon fluxes during the 20th century
(specifically 1948-2004)

« Experiment 2: Models coupled with an active atmosphere (CAM3),
prescribed atmospheric CO,, prescribed sea surface temperatures
and ocean carbon fluxes to examine the effect of a coupled
biosphere-atmosphere for carbon fluxes and climate during the 20th
century

* All the forcing and observational datasets are being shared, and
model results are available through the Earth System Grid (ESG), just
like for CMIP3 (the IPCC AR4 model results)

 Experimental protocol, output fields, and metrics are available at
http://www.climatemodeling.org/c-lamp/



C-LAMP simulation protocol

Offline Forcing with NCEP/NCAR Reanalysis Description

B | Desoripion | Timeperiod _

1.1 | Spinup ~4,000 y

1.2 | Control 1798-2004
1.3 | Varying climate 1948-2004
1.4 | Varying climate, CO,, and N deposition 1798-2004
1.5 | Varying climate, CO,, N deposition, and land use 1798-2004
1.6 | Free Air CO, Enrichment (FACE) control 1997-2100
1.7 | Free Air CO, Enrichment (FACE) transient 1997-2100

Coupled Land-Atmosphere Forcing with Hadley SSTs

JExp | Descripton | Timeperiod
21 | Spinup ~2,600 y

2.2 | Control 1800-2004

2.3 | Varying climate 1800-2004

2.4 | Varying climate, CO,, and N deposition 1800-2004

2.5 | Varying climate, CO,, N deposition, and land use 1800-2004

2.6 | Varying climate, CO,, N deposition, and seasonal FFE 1800-2004

All but the land use experiments were run with CCSM3.1 using CLM3-CASA" and
CLM3-CN biogeochemistry models yielding >16,000 y and ~50 TB



C-LAMP performance metrics and diagnostics

* An evolving document on metrics for model evaluation is available
at http://www.climatemodeling.org/c-lamp/

« Each model is scored with respect to its performance on various
output fields compared with best-available observational datasets

« Examples include

Leaf area index (LAI): comparison of phase and spatial distribution using
MODIS

Net primary production (NPP): comparison with EMDI and correlation with
MODIS

CO, seasonal cycle: comparison with NOAA/Globalview flask sites after
combining fluxes with impulse response functions from TRANSCOM

Regional carbon stocks (Saatchi et al. 2006, Batjes 2006)
Carbon and energy fluxes (Fluxnet sites)
Other transient dynamics: B factor, fire emissions



Comparison with EMDI NPP

« Comparisons with field CASA
observations include net S S L T b
primary production (NPP) 15001 ° 7 iseo
from the Ecosystem N R
Model-Data Intercomparison > °; . © o 71000
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(Figures a and b) and Observed NPP (g C m-2yr-1)

Cllass B Observatlons Data provided by NASA Distributed Active
(Figures ¢ and d) Archive Center (DAAC) at ORNL



Comparison with MODIS LAI

Comparisons with satellite “modeled
observations” must be made carefully
because of high uncertainty

This comparison with MODIS leaf area
index (LAI) focuses on the month of
maximum LAI (phase), a measurement
with less uncertainty than the
“observed” LAl values

C-LAMP accounts for this uncertainty
by weighting scores accordingly

CLM-CASA’ scored 5.1/6.0 while
CLM-CN scored 4.2/6.0 for this metric
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Comparison with MODIS NPP

* MODIS net primary production (NPP) .
“observations” have higher 23 of
uncertainty w2y mopis & .- - i)

» Comparison with MODIS NPP focuses W o W o aw w0 we we we me we w
on correlation of spatial patterns S :

« CLM-CASA’ scored 1.6/2.0 while
CLM-CN scored 1.4/2.0
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Seasonal cycle comparisons
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« Comparisons with Globalview
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Comparison of carbon
stock estimates

« Estimates of carbon stocks are
very difficult to obtain

 This comparison with estimates
of aboveground live biomass in
the Amazon by Saatchi et al.

(2006) shows that both models
are too high by about a factor of 2

 Using a score based on
normalized cell-by-cell
differences, CLM-CASA" scored
5.3/10.0 while CLM-CN scored
5.0/10.0
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Comparison with AmeriFlux sites
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Comparison with FACE sites

- Additional field measurement comparisons include the Free Air CO, Enrichment
(FACE) results, including the ORNL site

* The Norby et al. (2005) synthesis of four FACE site observations suggested
“response of forest NPP to elevated [CO,] is highly conserved across a broad range
of productivity, with a stimulation at the median of 23 * 2%”

« A C-LAMP experiment was added to test this result by increasing [CO,] to 550 ppmv
in 1997
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FACE site comparison scores
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Difference in Zonal Mean Net
Primary Production (NPP) for
C-LAMP Exp. 1.6 and 1.7
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Lon Lat Observations (07.1°7. 9
steName | (E) | N | NPy | g | nPPr | B | score | PP | B | Score
Duke 7908 | 3597 280%| 069| 164%| o041| o026 62%| 015 0.65
Aspen 8962 | 4567 352%| 087| 156%| 039 o039| 124%| 031 0.48
ORNL 8433 3590 239%| 059| 173%| o043| o016| 52%| 013 0.64
POP-Euro | 1180 4237 218% | 054| 200%| o049 o004| 57%| 014 0.59

4 site mean 0.18

Total M Score

But! Norby is now reporting reduced NPP enhancement at the

ORNL FACE site due probably to N limitation! e




C-LAMP score sheet for CLM3-CASA
and CLM3-CN

Uncertainty Scaling Total Sub-

Metric Metric components of obs. mismatch score score CASA'" CN

LAl Matching MODIS observations 15.0 13.5 12.0
+ Phase (assessed using the month of maximum LAI) Low Low 6.0 5.1 42
* Maximum (derived separately for major biome classes) Moderate Low 5.0 46 43
* Mean (derived separately for major biome classes) Moderate Low 4.0 38 35

NPP Comparisons with field observations and satellite products 10.0 8.0 8.2
» Matching EMDI Net Primary Production observations High High 2.0 1.5 1.6
+ EMDI comparison, normalized by precipitation Moderate Moderate 4.0 3.0 34
« Correlation with MODIS (r2) High Low 2.0 1.6 14
« Latitudinal profile comparison with MODIS (r2) High Low 2.0 1.9 1.8

CO, annual Matching phase and amplitude at Globalview flask sites 15.0 10.4 1.7

cycle * 60°-90°N Low Low 6.0 4.1 28
« 30°-60°N Low Low 6.0 4.2 3.2
o 0°=30°N Moderate Low 3.0 2.1 1.7

Energy and Matching eddy covariance monthly mean observations 30.0 17.2 16.6

CO, fluxes + Net ecosystem exchange Low High 6.0 2.5 21
* Gross primary production Moderate Moderate 6.0 34 35
 Latent heat Low Moderate 9.0 6.4 6.4
« Sensible heat Low Moderate 9.0 49 46

Transient Evaluating model processes that regulate carbon exchange on decadal 30.0 16.8 13.8

dynamics to century timescales Moderate Moderate 10.0 5.3 5.0
* Aboveground live biomass within the Amazon Basin Low Moderate 10.0 79 41
« Sensitivity of NPP to elevated levels of CO,: comparison to temperate forest High Low 5.0 3.6 3.0

FACE sites High Low 5.0 0.0 1.7

* Interannual variability of global carbon fluxes: comparison with TRANSCOM
* Regional and global fire emissions: comparison to GFEDv2

Total 100.0 65.9 58.3



Earth System Grid (ESG) node at
ORNL for C-LAMP
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Animation of hourly net
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Abstract

With Tepresentation of the global carbon cycle becommg increasingly complex in climate
models, it is important to develop ways to quantitatively evalyate model performance
against in sity and remote sensing observations. Here We present a systematic frame-
work, the Carbon-LAnd Model Intercomparison Project (C-LAMP), for assessing terres-
trial biogeochemistry models coupled to climate models using observations that Span a
wide range of temporal and spatial scales. Ag an example of the value of such
comparisons, we used this framework to evaluate two biogeochemistry models that are
integrated within the Community Climate System Model (Ccsmy — Carnegie-Ames-
Stanford Approach’ (CASA’) and carbon—nitrogen (CN). Both models underestimated
the magnitude of net carbon uptake during the 8rowing season in temperate and boreal
forest ecosystems, based on comparison with atmospheric CO, measurements and eddy
covariance measurements of net ecosystem exchange. Comparison with MODerate
Resolution Imaging Spectroradiometer (MODIS) measurements show that this low bias
in model fluxes Was caused, at least in Part, by 1-3 month delays in the timing of
maximum leaf area, In the tropics, the models overestimated carbon storage in woody
biomass based on comparison with datasets from the Amazon. Reducing this model bias
will probably weaken the sensitivity of terrestrial carbon fluxes to both atmospheric CO,
and climate. Global carbon sinks during the 19905 differed by a factor of two
(24Pg Cyr for cagA’ Vvs. 12PgCyr~! for CN), with fluxes from both models compa-
tible with the atmospheric budget given uncertainties in other terms. The models
captured some of the timing of interannual global terrestrial carbon exchange during
1988-2004 based on comparison with atmospheric inversion results from TRANSCOM
(r=0.66 for CASA’ and r=0.73 for CN). Adding (CASA/) or improving (CN) the
representation of deforestation fires may further increase agreement with the atmo-
spheric record, Information from C-LAMP has enhanced model performance within
CCSM and serves ag a benchmark for future development. We Propose that an open
source, community-wide platform for model-data intercomparison is needed to speed
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Recent progress and future work

* C-LAMP helped drive the development of model
improvements in the terrestrial biogeochemistry models
for the Community Land Model version 4 (CLM4)

 Subsequent C-LAMP analyses of six model configurations
using CLM3.6 (a pre-release version of CLM4) with CASA
and CN demonstrated much improved performance by CN

* It is now recognized that physical model changes must be
tested using C-LAMP to ensure that these changes do not
have negative impacts on biogeochemistry model
performance

 Next: N-LAMP—develop a strategy for benchmarking the
hitrogen cycle in land surface models
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