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What is ILAMB?

» The International Land Model
Benchmarking (ILAMB) project seeks
to develop internationally accepted
standards for land model evaluation.
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» Model benchmarking can diagnose
impacts of model development and
guide synthesis efforts like IPCC.
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» Effective benchmarks must draw upon
a broad set of independent observations
to evaluate model performance on
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» We co-organized inaugural meeting and ~45 researchers participated from the United
States, Canada, the United Kingdom, the Netherlands, France, Germany, Switzerland,
China, Japan, and Australia.

ILAMB Goals: Develop an internationally accepted set of benchmarks for model
performance; advocate for design of open source software system; and strengthen linkages
between experimental, monitoring, remote sensing, and climate modeling communities.

Methodology for model-data comparison and baseline standard for performance of land
model process representations (Luo et al., 2012).
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Benchmarking Methodology (Luo et al., 2012)

> Based on this
methodology and
prior work on
C-LAMP (Randerson
et al., 2009), we
developed a new
model benchmarking
package for ILAMB.

» First prototype in
NCL was released at
2015 AGU Fall
Meeting and a new
version using python
was released in May
2016.

Process
+ Biophysics

+ Hydrology

Parameter
* State variables
* Rate variables

+ Vegetation dynamics

* Feedback

\

Benchmarks

* Temporal scale
* Spatial cover
* Error structure

* Observations

* Experimental results

* Data-model products

* Relationship and patterns
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* A priori thresholds

* Scoring systems
considering weights for
different processes and
data sets

Metrics of performance skills

To determine model’s

‘* Acceptability

* Ranking

« Strength and deficiency

(Luo et al., 2012)
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2016 ILAMB Workshop, Washington, DC, USA

e May 16-18 2016, Washmgtﬁh}‘D'C‘USA

60+ researchers from Australla Japan, Chlna Germany, Netherlands
Sweden, UK, and the U.S., representing 10 modeling centers, participated in
DOE-sponsored ILAMB Workshop (plus 20-30 online attendees).

> Held poster session and breakout sessions on model metrics, MIP evaluation
needs, and observational data needs and opportunities.

» Workshop white papers developed by crowdsourcing for the final report.

> ILAMBV2 (doi:10.18139/ILAMB.v002.00/1251621) released at two tutorials.
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http://dx.doi.org/10.18139/ILAMB.v002.00/1251621

ILAMB Packages

> Assess 24 variables in 4 categories from ~45 datasets

» aboveground live biomass, burned area, carbon dioxide, gross primary
production, leaf area index, global net ecosystem carbon balance, net
ecosystem exchange, ecosystem respiration, soil carbon

> evapotranspiration, latent heat, terrestrial water storage anomaly

» albedo, surface upward SW radiation, surface net SW radiation, surface
upward LW radiation, surface net LW radiation, surface net radiation,
sensible heat

» surface air temperature, precipitation, surface relative humidity, surface
downward SW radiation, surface downward LW radiation

» Graphics and scoring system

» annual mean, bias, RMSE, seasonal cycle, spatial distribution,
interannual coefficient of variation, spatial distribution, long-term trend
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ILAMBV1 Prototype: Global Variables for 12 Models

Global Variables (Info for Weightings)
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ILAMBV1 Prototype: Global Variables for 12 Models

Global Variables (Info for Weightings)
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Scoring for Global GPP from Fluxnet-MTE

Diagnostic Summary for Gross Primary Productivity: Model vs. FLUXNET-MTE

Global Patterns segionaland Scoring ([nfo)
% Biss PgChr)  RMSE (PeC/mon) % Reeional Means Global Bias RMSE Seasonal Cycle nifmn . Overall
B""T‘;;‘ﬂg’@&‘ 1184 B - 00 access to plats B - - - B
MeanModel 1453 access to plats 017
beeesml-1-m 1144 40 60 02 access to plats 072 064 0.80 0.80 074
BNU-ESM 1020 164 62 01 access to plats 069 066 078 081 073
CanESMZ 1202 108 13 08 access to plats. 064 060 068 070 064
CESML-BGC 1303 s 58 05 access to plots 069 065 076 087 or
GEDLESM2G 1751 6.7 98 access to ploss 066 073 083 056
Had GEM2 ES 159 275 7.4 03 access to plats 065 079 0.68
inmema uia 20 55 03 access to plats [x 056 018 083 o
IPSL-CM5A-LR 166.6 482 8.8 04 access to plots. 0.63 0.56 0.77 0.84 0.67
MIROCESM 117 62 access toplots 072 066 074 086 on
MPIESM-LR 169.9 access to plots. 0.67
MRLESMI 2361 117 125 02 access to plats 045 043 019 050 PEN
NorE SM1-ME 1304 120 65 05 access to plats. 0.66 062 076 081 070

Notes: In calculating overall score, rmse score contributes double in comparison with all other scores.
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Annual Mean Global GPP

Annual Mean for GPP (gC/m2/day): FLUXNET-MTE, 10822005

Models vs. FLUXNET-MTE
Annusl Mosn for GPP (gC/m2/day): Meanhodel, 1962-2005

Annusl Mean for GPP (gC/m2/day): bee-csmi1-1-m, 1982-2005
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Annual Mean for GPP (gC/m2iday): BNU-ESM, 1962-2005
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Annual Mean for GPP (gC/m2/day): CanESM2, 19822005
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Annual Mean for GPP (gC/m2/day): CESM{-BGC, 1962-2005
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Annual Mean for GPP (gC/m2/day): GFDL-ESM2G, 1982-2005
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Annual Mean for GPP (gC/m2/day): HadGEM2-ES, 1982-2005
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Aanual Wean for GPP (gC/ma/dsy): med, 1962:2005
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Annual Mean for GPP (gC/m2/day): IPSL-CMSA-LR, 10822005
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Annusl Mean for GPP (qC/m2day): MIROC-ESM, 1082.2005
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Annual Mean for GPP (gC/m2/day): MPLESM-LR, 1082-2005
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Annual Mean for GPP (gCim2/day): MAI-ESM, 19822005
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Annual Mean for GPP (gC/m2iday): NorESM-ME, 1982-2005
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Seasonal Cycle of Regional GPP

|TEi|iA (ITerrlperlate Fonih Almerica)I

6.0 Model Annual Bias RMSE
FLUXNET-MTE 2.36 -999.00 -999.00
MeanModel 299 0.63 0.74
4.0 bec-csmi-1-m  1.82 -0.54  1.31
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Seasonal Cycle of Site GPP

Site (45.81 N'l 90.08W)
12 L 1 D Model Annual Bias RMSE
FLUXNET 3.62 -999.00 -999.00
MeanModel 3.11 -0.51 249
bce-csm1-1-m 1.79 -1.83 4.42
BNU-ESM 2.00 -1.62 3.81
¥
.“é‘ GFDL-ESM2G  3.59 -0.03 2.87
B HadGEM2-ES 206 -156 3.77
2
g IPSL-CM5A-LR 485 1.23 237
]
MPI-ESM-LR  3.68 0.06 1.72
MRI-ESM1 576 214 345
NorESM1-ME 269 -0.93 3.45
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Global Net Ecosystem Carb
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Gross Primary Productivity vs. Precipitation
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ILAMB Metrics Document

B. Root Mean Square Error Metric

For different variables, we use 2 different methods to caleulate their global mean RMSE
scores. For above ground biomass (biomass), bumed area (burntarea), evapotranspiration
ross primary pmdmuon (e e arca s (), Bt eat (), et cosyste

soil carbon (silc), we use mass weightin g(B] 1. hxolhu»xnxblu we use area

weighting (B3 2).
BMSE, ®1)
M=etise )
Mass weighting to calculate global mean RMSE score:
S xjan,, |
@31
> Axjar,,|
Aren weighting to caleulate global mean RMSE score:
X Mixa
(B32)

b

We use Eqs. B1-2 and Eq. B3.1 or B3.2 to caleulate rot mean square error melri score
M;at grid cell o site § and its global mean M, rspectively. Where ®,,,is the root mean
square for monthly mean annual cyele of the observation at grid cell i (for grid data) o
site  (for site observation). and RMSE, is the root mean square error between model and
observation. AN is annual mean of the observation at grid cell or sitei. [AMess isto
caleulate its absolute value. 4 s the area for grid eell or site . ncelfs is the number ifall
and geid cells or sites where observation data is available. If the observation is site data,
we set A, equal to | (Ref: David Lawrence's personal Conmunication). This metric is
used to compare magnitude and phase difference of the monthly mean annual cyele
between the model and the observation.

C. Spatial Distribution Metric

40+ R)
(o, +1a ) (+Ry

s B C1o cakulate sl dtribution et sor M. s thesptal coetion
coniientof th anmul e beween mode and obsemation. £ i e e
aimum orelaon Here e e . il 01 or 2l mode, i o for sandard
deviation of model o that of observation (Ref: Tavlor. J. Geophys. Res., 106, 2001). This
metric is used o compare magnitude and spatial patiern of annual mean of model with
observation.

D. Seasonal Cycle Phase Metric

For different variables, we use 2 different methods to caleulate their global mean phase
scores. For above ground biomass (biomass). bumed area (burniarea), evapotranspiration
(@), gross primary m)duulon (epp). lead aes inden (), bt ea (). et ccosystem
. p (pr). cosystem resp

. we use mass . . we use area

we.gmmgmz 2)

M,=(ls cost) /2 (1)
Mass weighting to calculate global mean phase score:

S on

2.1
Axan |
Area weighiing to calculate global mean phase scor:
Swxa
T 22

We use Egs. D1 and D2.1 or D2.2 to caleulate seasonal eycle phase metric score M, at
srid cell or site i and its global mean M, respectively. , is the difference of the angle
between the month of the maximum value for the model and that for the observation at
rid cell i (for the grid data) or site  (for the site data). AMos.; is annual mean of the
observation at grid cell orsite i AMs, | is (0 caleulate its absolute value. A4, is the arca
for grid cell or site . ncells i the number of al land grid cells or sites where observation
data i available. If the observation is site data, we set A4 equal to | (Ref: Prentice, et al.,
GBC, 25, 2011). This metric is used to compare phase difference of the monthly mean
amnual cycle between the model and the abservation.

E. Interannual Variability Metric
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ILAMB Scoring Rules

Rules for scoring system

Score Certainty of data Scale appropriateness and coverage Overall lmpor:):l;zis(;f constraint or

Uncertainty estimates not available; Site level observations with limited Observations that have limited influence

1 significant methodological issues may | regional coverage and/or short on carbon cycle processes; includes some
influence data quality temporal duration driver datasets and land surface

measurements (e.g., Lin)

Uncertainty estimates not available; Partial regional coverage; data sets Driver observations or land surface

5 | some methodological issues may providing up to 1 year of coverage measurements that have direct influence
influence data quality on carbon cycle processes (e.g., PPT, Tair,

and Sin)

Uncertainty estimates not available; Regional coverage for at least 1 year; | Biosphere process that contributes to carbon|

3 some peer-review evaluation of mismatches may exist between site- dynamics; data are a useful constraint for thi
quality; minor methodological issues | level and model grid cells specific process
may remain
Qualitative uncertainty information Important regional coverage; at least 1 | Important biosphere process regulating

4 available from peer-review year or more of observations carbon cycle dynamics; data are
evaluations; methodology is well moderately well-suited for constraining
accepted this process
Well defined and traceable Global scale in coverage; time series Critical process or constraint regulating
uncertainty estimates; relatively low | spanning multiple years; data products | climate-carbon or carbon-concentration

5 uncertainty estimates relative to range | appropriate in scale for comparing feedbacks; data are well suited for
of model estimates; uncertainties less | directly with model grid cells discriminating among different model
than + 20% at regional scales estimates
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ILAMBv2 Model Scoring by Variable

CLM45bgc_CRUNCEP
CLM45bgc_GSWP3
CLM45bgc_CRUNCEP
CLM45bgc_GSWP3
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Global Net Ecosystem Carbon Balance
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Terrestrial Water Storage Anomaly
Albedo

Surface Upward SW Radiation
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Surface Air Temperature
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ILAMBV2 Layout

(ot 0.
[ ILAMB Benchmark F x
& +» (& [) www.climatemodeling.org/~nate index.html ~YaHe6 =
ILAMB Benchmark Results i
Cotumns...
CLM40cn CLM45bgc_CRUNCEP CLM45bge_GSWP3
Biomass 0.40 0.40 041 =
Bumed Area 0.62 0.66 065 =
Gross Primary Productivity 0.70 0.72 073 -
Fluxnet (36.0%) 0.69 0.72 073
Fluxnet-MTE (60.0%) 0.71 0.72 073
Leaf Area Index 0.62 0.60 063 v
Global Net Ecosystem Carbon Balance 017 0.23 0.20 v
Net Ecosystem Exchange 055 055 055 =
Ecosystem Respiration 0.67 0.70 072 v
Soil Carbon 055 058 065 =
Evapotranspiration 0.73 0.75 075 =
Latent Heat 073 0.75 075 v
Terrestrial Water Storage Anomaly 0.30 031 031 v
Albedo 0.72 0.72 072 =
Surface Upward SW Radiation 077 077 078 v
Surface Net SW Radiation 0.80 0.80 081 =
Surface Upward LW Radiation 081 081 082 =
Surface Net LW Radiation 073 073 077 v
Surface Net Radiation 0.77 0.77 0.78 =
Sensible Heat 0.72 0.72 074 =
Surface Air Temperature 0.83 0.83 084 v
Precipitation 0.76 0.76 078 v a
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ILAMBV2 Layout

[ www.climatemodel: x
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ILAMBvV2 Documentation

The ILAMB Benchmarking System — ILAMB 2.0 documentation - Mozilla Firefox x
The ILAMB Benchmarkin... % | %

€ ) @ climate.oml.gov/~ncf/ILAMB/docs, E1| ¢ ||Q search B 9 3 4 9

The ILAMB Benchmarking System

The International Land Model Benchmarking (ILAVIE) project is a model-data intercomparison and Integration The ILAMB Benchmarking
project designed to improve the performance of land models and. in paralel, improve the design of new o mentation
measurement campaigns to reduce uncertainties associated with key land surface processes. Building upon

past model evaluation studies, the goals of ILAMB are to:

« develop internationally accepted benchmarks for land model performance,

« promote the use of these benchmarks by the international community for model ir

+ strengthen Inkages between experimental, remote sensing, and cimate modeling communiies Inthe
design of new modeltests and new measurement programs, and

« support the design and 1t of a new, open sour g software system for use by
the international community.

Tutorials

Itis the last of these goals to which this page is concerned. We have developed a python-based generic Go
benchmarking system, for which the source code may be found on bitbucket. The development is open and

patches are welcome. The main output of our package comes in the form of a HTML site which can be

navigated to explore and understand the results.

Documentation

o Tutorials

o Confrontatior
o flamblib
o Post

pyright 2014, Nathan Collir, Forrest Hoffman. Created using Sphimx 1
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Future ILAMB Development and Application

» ILAMBv1 Prototype and now ILAMBV2 applied to:
» Model development of the Community Land Model (CLM)
» CMIP5 Historical and esmHistorical simulations
» ACME Land Model evaluation
» Within U.S. Department of Energy projects:
» NGEE Arctic, NGEE Tropics, and SPRUCE are adopting the framework
for evaluating process parameterizations & integrating field observations
» ACME is developing metrics for evaluation of new land model features
» BGC Feedbacks is developing the framework and benchmarking MIPs
» Future (and past) projects where we hope to apply ILAMB:
» CMIP6, including C*MIP, LS3MIP, and LUMIP
» TRENDY, MsTMIP, PLUME-MIP
» NASA Permafrost Benchmark System (PBS) (Schaefer et al.)

» Plans are to integrate ILAMBV2 into standard CESM2 workflow.

ILAMBvV2 Tutorial: Today at 5:00-7:00 p.m. in the Tarn Room at
The Village at Breckenridge. J
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2016 AGU Fall Meeting Biogeosciences Session

Consider submitting your abstract to this session by August 3:

B056. New Mechanisms, Feedbacks, and Approaches for Improving Predictions of
Global Biogeochemical Cycles in Earth System Models

Predictions of future atmospheric CO; levels are influenced by global carbon and nutrient
cycles, climate interactions, and feedbacks. Relevant processes operate at different spatial
and temporal scales and vary across terrestrial, coastal, and marine ecosystems.

Uncertain biogeochemical feedbacks may be altered by anthropogenic disturbance agents,
including tropospheric O3, acceleration of the N and H,O cycles, eutrophication, and land
cover/use change. This session focuses on integrated understanding of feedback
mechanisms, methods for evaluating and benchmarking process representations in Earth
system models, and approaches for constraining future climate projections (e.g., emergent
constraints).

Co-Organized with:
Biogeosciences, Atmospheric Sciences, Global Environmental Change, Hydrology, Ocean Sciences

Conveners:

Forrest M. Hoffman, Oak Ridge National Laboratory
James T. Randerson, University of California lrvine
Atul Jain, University of lllinois Urbana-Champaign
J. Keith Moore, University of California Irvine

~ yal = OAK L ‘
[OT eome® R Baame  BNNCAR ¥R OB ONE




Acknowledgments

X, U.S. DEPARTMENT OF

ENERGY @

Office of Science e

This research was performed for the Biogeochemistry—Climate Feedbacks Scientific Focus
Area, which is sponsored by the Regional and Global Climate Modeling (RGCM) Program
in the Climate and Environmental Sciences Division (CESD) of the Biological and
Environmental Research (BER) Program in the U.S. Department of Energy Office of
Science. Research partially supported by the National Science Foundation
(AGS-1048890). Oak Ridge National Laboratory (ORNL) is managed by UT-Battelle,
LLC, for the U.S. Department of Energy under Contract No. DE-AC05-000R22725.

)

= [0): I
Alamos [ NCAR %ﬁ %

— y




References

N. Collier, F. M. Hoffman, J. Randerson, and W. J. Riley. International Land Model
Benchmarking (ILAMB) package v002.00. Software package, May 2016.

Y. Q. Luo, J. T. Randerson, G. Abramowitz, C. Bacour, E. Blyth, N. Carvalhais, P. Ciais,
D. Dalmonech, J. B. Fisher, R. Fisher, P. Friedlingstein, K. Hibbard, F. Hoffman,
D. Huntzinger, C. D. Jones, C. Koven, D. Lawrence, D. J. Li, M. Mahecha, S. L. Niu,
R. Norby, S. L. Piao, X. Qi, P. Peylin, I. C. Prentice, W. Riley, M. Reichstein, C. Schwalm,
Y. P. Wang, J. Y. Xia, S. Zaehle, and X. H. Zhou. A framework for benchmarking land
models. Biogeosci., 9(10):3857-3874, Oct. 2012. doi:10.5194 /bg-9-3857-2012.

J. T. Randerson, F. M. Hoffman, P. E. Thornton, N. M. Mahowald, K. Lindsay, Y.-H. Lee, C. D.
Nevison, S. C. Doney, G. Bonan, R. Stockli, C. Covey, S. W. Running, and I. Y. Fung.

Systematic assessment of terrestrial biogeochemistry in coupled climate-carbon models. Global
Change Biol., 15(9):2462-2484, Sept. 2009. doi:10.1111/j.1365-2486.2009.01912.x.

~

Alamos [ NCAR

)



http://dx.doi.org/10.5194/bg-9-3857-2012
http://dx.doi.org/10.1111/j.1365-2486.2009.01912.x

Extra Slides

N OAK i
mgome® TG Raemes  BNNCAR  ¥RE (R NMD



Biogeochemistry—Climate Feedbacks Goals & Objectives

BGC Feedbacks SFA Goals

The overarching goals of the BGC Feedbacks SFA are to identify and quantify the

feedbacks between biogeochemical cycles and the climate system, and to quantify

and reduce the uncertainties in Earth system models (ESMs) associated with those
feedbacks.

In particular, we are

> developing new hypothesis-driven approaches for evaluating ESM process
representations at site, regional and global scales;

> investigating the degree to which contemporary observations can be used to
reduce uncertainties in future scenarios (e.g., emergent constraints);

» developing open source benchmarking software tools that leverage laboratory,
field, and remote sensing data sets for systematic evaluation of ESM
biogeochemical processes; and

> evaluating performance of biogeochemical processes and feedbacks in

different ESMs using benchmarking tools.
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Biogeochemistry—Climate Feedbacks SFA Diagram
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