9N U.S. DEPARTMENT OF
@ ENERGY

Office of Science

Update on the International Land Model
Benchmarking (ILAMB) Package and IOMB

Forrest M. Hoffman
Oak Ridge National Laboratory

ESS Cyberinfrastructure Working Group Meeting
May 11, 2020




Date e | Office of
DOE/SC-XXXX | doi:10.7249/XXXXXXXX Y ERGY Science

2016

International Land Model
Benchmarking (ILAMB)
Workshop Report >

2016 Internatlonal LandModeIBenchmarklng (ILAMB) Workshop
May 16-18, 2016, Washington, DC

The International Land Model Benchmarking (ILAMB)

community coordination activity was designed to

e Develop internationally accepted benchmarks

e Promote the use of these benchmarks

e Strengthen linkages between experimental, remote
sensing, and modeling communities

e Support the design and development of open source
benchmarking tools (Luo et al., 2012), like the ILAMB
Package (Collier et al., 2018)
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Development of ILAMB Packages

RUBISCO
e ILAMBV1 released at 2015 AGU Fall Meeting g EDf g gf
Town Hall, doi:10.18139/ILAMB.v001.00/1251597
e ILAMBV2 released at 2016 ILAMB Workshop,  umeaneell
doi:10.18139/ILAMB.v002.00/1251621 et e e o

Global Net Ecosystem Carbon Balance
Net Ecosystem Exchange

e Open Source software freely distributed Ecosystem Respiration

Soil Carbon

e Routinely used for E3SMv1 and CESM2 SR st
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Terrestrial Water Storage Anomaly

evaluation during development Abedo

Surface Upward SW Radiation

e Employed to evaluate CMIP5 models Surface Upward LW Raciatio

Surface Net LW Radiation

e Models are scored based on statistical Surface Net Radiation

Sensible Heat

Surface Air Temperature

comparisons (bias, RMS error, phase, amplitude, Precipitation

Surface Downward SW Radiation

spatial distribution, Taylor scores) and functiona| e ermer i fadeten
. 0 02505075 1 -2 -1 +0 +1 +2
response metrlcs Variable Score Variable Z-score

l'ff':ffl' /\ \ OAK 4 r\/j
Argemgo o RRRRRR PRI Dator ﬁ’-‘»A'amos B NCAR *Rince M


https://dx.doi.org/10.18139/ILAMB.v001.00/1251597
https://dx.doi.org/10.18139/ILAMB.v002.00/1251621

RUBISCO

.
Argonne° RROROEN ﬁjsAlamos h NCAR

ILAMBv2.5 Package Current Variables

Biogeochemistry: Biomass (Contiguous US, Pan Tropical Forest), Burned area (GFED3),
CO, (NOAA GMD, Mauna Loa), Gross primary production (Fluxnet, GBAF), Leaf area index
(AVHRR, MODIS), Global net ecosystem carbon balance (GCP, Khatiwala/Hoffman), Net
ecosystem exchange (Fluxnet, GBAF), Ecosystem Respiration (Fluxnet, GBAF), Soil C
(HWSD, NCSCDv22, Koven)

Hydrology: Evapotranspiration (GLEAM, MODIS), Evaporative fraction (GBAF), Latent heat
(Fluxnet, GBAF, DOLCE), Runoff (Dai, LORA), Sensible heat (Fluxnet, GBAF), Terrestrial
water storage anomaly (GRACE), Permafrost (NSIDC)

Energy: Albedo (CERES, GEWEX.SRB), Surface upward and net SW/LW radiation (CERES,
GEWEX.SRB, WRMC.BSRN), Surface net radiation (CERES, Fluxnet, GEWEX.SRB,
WRMC.BSRN)

Forcing: Surface air temperature (CRU, Fluxnet), Diurnal max/min/range temperature
(CRU), Precipitation (CMAP, Fluxnet, GPCC, GPCP2), Surface relative humidity (ERA),
Surface down SW/LW radiation (CERES, Fluxnet, GEWEX.SRB, WRMC.BSRN)
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@' ILAMB Assessing Several Generations of CLM

RUBISCO

N\ @" W
0\, O\/ 0\/ . . . .
Ecosystem and Carbon Cycle | e CLM saw improvements in mechanistic
Biomass |
Bumed Area | treatment of hydrology, ecology, and
Carbon Dioxide . .
Gross Primary Productiviy land use with many more moving parts
Leaf Area Index
e e , e Simulations improved even with
T Sy R o m enhanced complexity
7 o — Hydrology Cycle
VR o el e Observational datasets not always
Missing Data or Error Evajioratve Facton — .
Latnt eat self-consistent
Sensible Heat . .
Terrestrial Water Storage Anomaly e o FO rC| ng u n Ce rta | nty CO nfO U n d S
Permafrost
Radiation and Energy Cycle i assessment of model development (not
Albedo
Su:ace Upward SW Radiation S h ow n)
Surface Net SW Radiation
Surface Upward LW Radiation http://webext.cgd.ucar.edu/I20TR/ build set1F/
Surface Net LW Radiation Lawrence et al 201 9
Surface Net Radiation
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http://webext.cgd.ucar.edu/I20TR/_build_set1F/index.html

GrossPrimaryProductivity / GBAF / 1982-2008 / global / CLM5

Mean State Relationships All Models Data Information
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SPATIAL TAYLOR DIAGRAM

RUBISCO
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GrossPrimaryProductivity /| AMF_US-WCr / global / CLM5

Al Models Data information
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RUBISCO
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Precipitation/GPCP2
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v A Land Model Performance Depends Strongly on Forcing
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RU BISCO

Evaluation of the DGVMSs
using the International
Land Model Benchmarking
system (ILAMB; Collier et
al., 2018) (left) absolute skill
scores and (right) skill
scores relative to other
models for a subset of
ILAMB variables.

Biomass

Gross Primary Productivity
Leaf Area Index

Net Ecosystem Exchange
Ecosystem Respiration
Soil Carbon
Evapotranspiration

Runoff

~
° BROOKHEVEN /,_} A
Argon ne NATIONAL LABORATORY ‘

AAAAAAAAAAAAAAAA

CLASS-CTEM
CLM5.0

CABLE-POP
DLEM
ISAM

JSBACH
JULES

LP)

LPJ-GUESS
LPX-Bern
ORCHIDEE-CNP
ORCHIDEE-Trunk

OCN

<
r
€5
>

n >

o

0.25

=
>
[}
[a]
2

0.5
Absolute Score

OAK

nal Labor:

NATIONAL CENTER FOR ATMOSPHERIC RESEARCH

0.75 1 -

RIDGE

Global Carbon Budget 2018 - TRENDY Models

CLASS-CTEM
CLM5.0

DLEM
ORCHIDEE-CNP
ORCHIDEE-Trunk

CABLE-POP
ISAM

JSBACH

+0
Relative Score

Le Quéré et al. (2018)

Y .
\NC)
Ve




o & Addressing Observational Uncertainty

e Few observational datasets provide complete uncertainties

e |LAMB uses multiple datasets for most variables and allows users to weight them
according to a rubric of uncertainty, scale mismatch, etc.

e |LAMB can also use:
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multiple datasets
e Experiments with CLASS self-consistent data (Hobeichi et al., 2020) demonstrates that
while scores shift, including uncertalnty rarely alters the rank orderlng of models (figure)
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International Ocean Model Benchmarking (IOMB) Package

RUB S
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e Evaluates ocean biogeochemistry results compared Soeggz:a Beegzzs
with observations (global, point, ship tracks) cEpfees sEpEessd

e Scores model performance across a wide range of Chiorophyil |
”‘]dependent benchmark data DissolvedOrganicCarbon

. Nitrate |
e Leverages ILAMB code base, also runs in parallel wossrace D
e Built on python and open standards St
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Gross Primary Productivity
Leaf Area Index

e The CMIP6 suite of land models (right) has

Net Ecosystem Exchange

improved over the CMIP5 suite of land
Hydrology Cycle

m O d e | S (l eft) Evapotranspiration i 1

Evaporative Fraction

Latent Heat

e The multi-model mean for CMIP5 T — 5

. Terrestrial Water Storage Anomaly
outperforms any single CMIP5 model pematos
Radiation and Energy Cycle
Albedo
Surface Upward SW Radiation

e The multi-model mean for CMIP6 TR

Surface Upward LW Radiation

outperforms any single CMIP6 model| St et -

Surface Net Radiation

Forcings
Surface Air Temperature

e The multi-model mean CMIP6 land model is

Diurnal Min Temperature

the “best model” overall e Tempsrare Range
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_ CMIP5 and CMIP6 Land Model Global
" Gross Primary Productivity

Benchmark
bec-csmi-1 [-] 123. 114. 6.80 118. 0.0600 0.203 1.94 1.27 0.424 0.267=0.946 0.543
bce-csml-1-m  [] 112. 108. 4.10 118. 0.501 -0.116 1.94 1.38 0.413 '0.265 0.794 0.934 0.534

BCC-CSM2-MR [] 123. 115. 831 118. 0501  -0.0721 168 128  0.433 0.326 0.796 0.941 0.564 o M Ost mOd E|S Of th e

BCC-ESM1  [] 157. 133. 21.4 118. 0.0640 0325 1.84 1.23 0429 0.302=O.945 0.557

CanESM5  |[] 141. 131. 8.05 118. 0675 185 170 0.427 0.330-0934 0544 Sa m e |ineage im p roved
CESMLBGC [] 120. 124. 432 118. 0501 0309 174 138 0392 0.350 0.761=o.545 . . Spat|a| Taylor D|agram

CESM2 [ 110. 105. 421 118. 0473 -0.0938 172 152 0411 0.364 0.786 0.935 0.572 N Va rl O| |S an
0 01
2 0.
CESM2WACCM |[-] 110. 106. 4.28 118. 0473  -0.0889 173 150 0410 0.364 0.788 0.936 0.572 2

EC-Earth3-Veg [-] 136. 134. 252 118. 0330 199 149 0417 0312 0755 0.931 0.545 Cha ra Cte r|St|CS between 18

GFDL-ESM2G [-] 167. 155. 9.78 118. 119 318 145 0.360 -E 0.880- 1.6
GISS-E2-1-G | [-] 133. 118. 12.6 117. 129 0.0302 155 1.23 0411 0.355 0.741 0.905 0.553 CM I P6 a nd CM | P6

GISS-E2-1-H  [-] 131. 116. 13.8 118. 0.654 -0.0269 1.57 1.19  0.400 0.353 0.760 0.913 0.556

inmecmé4 [-] 136. 128. 8.25 113. 544 0351 1.78 141 0451 0.308 0.766 0.935 0.554

IPSL-CM5A-LR  [-] 165. 153. 9.00 118. 0.347 110 273 1.30 -H 0.770 0.889 = . Th e m ea n C M I P6 1.0
IPSL-CM6A-LR [-] 116. 111. 4.25 118. 0.486 0.0566 1.45 1.32 =0.364 0.751 0.960 0.587 e
MeanCMIP5 | [-] 138. 131. 6.75 118. 0.561 144 113 0.462 ! 0.794 0.959 a n d C M | P 5 m O d e | S .
MeanCMIP6 [-] 121. 116. 5.10 118. 0.159 1.10 1.12 E- 0.796 - 06
MIROC-ESM | [-] 129. 121. 6.01 108. 10.1 0.308 206 140 0425 0.322 0.749 0.918 0.547 pe rfo rm best 0.4

MPI-ESM-LR  [-] 170. 162. 6.90 110. 8.62 122 237 143 0378 0.291 0.926 0.517 0.2
NorESM1-ME [-] 129. 121. 6.29 118. 0.331 192 146 =0.3so 0.759-0.530 ¥
(Hoffman et al., in prep.) % :
SAMO-UNICON | [-] 131. 126. 4.95 118. 0.501 0.371 1.75 1.39  0.398 0.338 oA764=0A537 ] p p 00 02 04 06 08 1.0 1.2 14 16 18 20
Normalized standard deviation
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For more information...
RUBISCO

e International Land Model Benchmarking (ILAMB) Package
https://www.ilamb.org/

e Reducing Uncertainties in Biogeochemical Interactions through Synthesis
and Computation (RUBISCO) Science Focus Area

https://www.bgc-feedbacks.org/

e Forrest M. Hoffman
Oak Ridge National Laboratory

forrest@climatemodeling.org
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