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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 internationally accepted 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 Metholdology (Luo et al., 2012)

» Based on this
methodology and
prior work in
C-LAMP, we
developed a new
model

benchmarking
package for ILAMB.

» Prototype is ready
for use in NCL and
a new version is
under development
using python.

Process
* Biophysics
* Hydrology

Parameter
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* Rate variables

Yy
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Benchmarks
* Observations

* Experimental results
* Data-model products
* Relationship and patterns

+ Temporal scale
* Spatial cover
* Error structure
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Metrics of performance skills

« A priori thresholds ‘To determine model’s
* Scoring systems ‘= Acceptability
considering weights for - Ranking

different processes and / i. Strength and deficiency
data sets

(Luo et al., 2012)
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ILAMB Prototype developed by Mingquan Mu at UCI

> Assesses 24 variables in 4 categories frm ~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

» Software is available at
http://redwood.ess.uci.edu/mingquan/www/ILAMB/index.html
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http://redwood.ess.uci.edu/mingquan/www/ILAMB/index.html

ILAMB Prototype: Global Variables for 12 Models

Global Variables (Info for Weightings)
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Global Variables (Info for Weightings)

MeanModd [ ENU-ESM CanESMZ CESMIBGC GEDL-ESM2G HadGE
.68 052 050 0.61 0.65 058 1]
.38 - - - 037 - |
Carbon Diexide .85 - 0.65 0.65 078 .65 |
Gross Primary
sposs Prim: 037 o 073 .64 [x 067 1]
Leaf Ares Tndex 0.6 .66 1 0.60 0.53 [ 0
Global Ner
Evesvstem Catbun 058 - 038 (R 038 s !
Balance
Nt Exusystem
i ) .7 047 0.3 048 ) [
Ecosvstem
Eroyiten [ w2 w32 .65 0.67 [ ]
Suil Carbon 055 050 .42 0.56 038 051 [
Summary .64 058 154 0.5 0.5 053 [
Evspetianspiration .75 073 .72 [ 073 (X 3]
Latent Heat w80 [E 077 0.7 (xS 2 3]
Rt 053 [ 035 0.5 (] (] .
Storaze Anomaly
Summary .69 065 .61 0.68 0.66 .62 3]
Albedo .72 [E .61 e 07 .68 v
Surface Upward §W |
o (%] [ .67 (% 078 (% (%]
Surface Net SW noa nee noa noc n e 0o ne
’ » yal = P L
ceeeeed] ) O
BGC Feedbacks I N Jtosalamos  IINCAR He= EVE




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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Seasonal Cycle of Regional GPP
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Gross Primary Productivity vs. Precipitation
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ILAMB Model Scoring by Va

o
<3

gc

GFDL-ESM2G
HadGEM2-ES

£
-
fra
ik
suw
v=2 ¢
oZ®©
om0

bcc-csm1-1-m
BNU-ESM

GFDL-ESM2G
HadGEM2-ES
CanESM2

MeanModel

NorESM1-ME

CESM1-BGC
cesm1_2b

MeanModel

cesml_2b

Q
Q
@
o
s
"
w
o

Aboveground Live Biomass

Burned Area

Carbon Dioxide

Gross Primary Productivity

Leaf Area Index

Global Net Ecosystem Carbon Balance
Net Ecosystem Exchange

Ecosystem Respiration

Soil Carbon
Summary
Evapotranspiration
Latent Heat
Terrestrial Water Storage Anomal

Surface Upward SW Radiation
Surface Net SW Radiation
Surface Upward LW Radiation
Surface Net LW Radiation|
Surface Net Radiation

Sensible Heat

Summary

Surface Air Temperature]
Precipitation

Surface Downward SW Radiation
Surface Downward LW Radiation|
Summary

0.25 0.5 0.75
Variable Score Variable Z-score

+0 +1 +2

& =

\V -@Alamos

GC Feedbacks Argonne




ILAMB Next Generation Layout
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ILAMB Next Generation Layout
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Future ILAMB Development and Application

» Current ILAMB Prototype was 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

» We will host a second ILAMB Workshop in the U.S. in the
Washington, DC, area May 16-18, 2016
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Predictive Carbon Cycle Science

» Routine and systematic confrontation of models with the growing body
of observational data is critical to identifying model weaknesses.

» To the extent that models represent the embodiment of our scientific
understanding, model benchmarking helps identify knowledge
gaps.

» New benchmarks are required at different space and time scales:

» Benchmarks for small-scale site-based process studies (e.g., FACE,
LiDET, N & P addition and water exclusion experiments)

» Benchmarks for disturbance and extreme events (e.g., wildfire, insect
infestation, land use change)

» Benchmarks for ecosystem responses on different scales (e.g., El Nifio)

» Benchmark data sets could be used to initialize land and ocean carbon
models, then consider using models for ecological forecasting.

» To evaluate model fidelity for tropical drought, we are modeling ENSO
for comparison with observations in NGEE Tropics.

» Using NOAA CFS sea surface temperature (SST) predictions to drive
the ACME model at 1/4° for current ENSO.

» All of these things require community engagement!
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