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Summary
Robust projections of future climate impacts rely on skillful modeling. To this aim, process
based models become increasingly complex and so is the need for evaluation with objective
comparisons against observations, for research and model improvement (Kumar et al. 2012;
Hoffman et al. 2017).
The purpose of this document is to assess the existing evaluation frameworks that could
facilitate the capacity building activities within PROCLIAS, fostering development, exchange
and adoption of tools developed to benchmark the performance of process based models
linked to ISIMIP and other individual modelling frameworks. In addition, this could help
individual modelling teams to support their model development activities. Furthermore,
adopting existing QA tools to an automatic framework for the models used in ISIMIP might lead
to a model verification/model benchmark protocol for impact models through the umbrella of
PROCLIAS.

1 Quality assessment (QA) tools – an overview
Several tools for model evaluation and benchmarking of land surface models are available.









The International Land Model Benchmarking (ILAMB) Project has developed initial
prototype benchmarking system (Collier et al. 2018) to assess and improve the
performance of land models through international cooperation and to inform the design of
new measurement campaigns and field studies to reduce uncertainties associated with key
earth system processes and feedbacks.
The ESMValTool, a community diagnostics and performance metrics tool designed to
improve comprehensive and routine evaluation of Earth system models participating in the
Coupled Model Intercomparison Project (Eyring et al. 2020).
The Protocol for the Analysis for Land Surface models (PALS), an online web application
for the automated evaluation and benchmarking of land surface model (LSM) simulations
(Best et al. 2015).
The PCMDI Metrics Package (PMP) provides objective comparisons between Earth
System Models (ESMs) and available observations (Gleckler et al. 2016).
The NASA Land Surface Verification Toolkit (LVT) is a system for land surface model
evaluation and benchmarking by comparing them with data from observational networks,
remote-sensing platforms and similar estimates from other modeling frameworks (Kumar
et al. 2012).
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Table 1: Overview with key characteristics of the tools evaluated
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In this report we focus on the ILAMB and ESMValTool systems but also describe briefly the
other evaluation frameworks.

1.1 The International Land Model Benchmarking (ILAMB) System
ILAMP is an open source model benchmarking software package that generates graphical
diagnostics and scores model performance in support of the International Land Model
Benchmarking (ILAMB) project (Collier et al. 2018), leveraging prior work on the Carbon- Land
Model Intercomparison Project (C-LAMP) (Hoffman et al. 2017). It assesses model
performance for variables in categories of biogeochemistry, hydrology, radiation and energy
and climate forcing (Table 1). Additional datasets may be added to the sample benchmark
comparison. For each of these variables, the packages generate graphical diagnostics (Figure
1) and score model performance for the period mean over whole years and its bias, RMSE,
spatial distribution, interannual coefficient of variation, and seasonal cycle and long-term trend.
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Figure 1: Coupled Model Intercomparison Project Phase 6 (CMIP6) Benchmarking preliminary results
(https://www.ilamb.org/results/)

The ILAMB benchmarking software is written in Python and depends on a few packages which
extend the language's usefulness in scientific applications. ILAMP (current version 2.6, May
2021) is continuously developing by e.g., enriching with new and updating existing
observational datasets to their most current versions, adding case specific metrics and new
ways of illustrating scoring outputs.

Table 2: This table shows the benchmarks and data sources in three topical areas of ILAMB. Grouped
information from tables 2, 3 and 4, adopted by Collier et al. (2018). Information on certainty, scale and
process are detailed in Table 2. Reference sources are included in Collier et al. (2018).

Table 2: The ILAMB Rubric Used to Assign Relative Weights of a Data Set, adopted by Collier et al.
(2018)

Score
1

2

CERTAINTY

SCALE

PROCESS

No given uncertainty,
signiﬁcant
methodological
issues
aﬀecting quality
No given uncertainty,
some
methodological
issues aﬀecting quality

Site level observations with
limited space/time coverage

Observations that have limited
inﬂuence on the targeted Earth
system dynamics

Partial regional coverage,
up to 1 year

Observations
have
direct
inﬂuence on the targeted Earth
system dynamics
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3
4
5

No given uncertainty,
methodology has some
peer review
Qualitative uncertainty,
methodology accepted
Well-deﬁned
and
relatively low uncertainty

Regional
at least 1 year

coverage,

Important
regional
coverage, at least 1 year
Global
scale
spanning
multiple years

Observations useful to constrain
processes that contribute to the
targeted Earth system dynamics
Observations well suited to
constrain important processes
Observations well suited to
constrain important processes

Note. A score for each data set is assigned in each of three areas. These scores are then combined
multiplicatively and used to determine relative importance for a data set with respect to a given variable.
ILAMB = International Land Model Benchmarking.

1.2 The Earth System Model Evaluation Tool (ESMValTool) v2.0
The ESMValTool is a community tool created for routine evaluation of ESMs participating in the
Coupled Model Intercomparison Project (CMIP). It contains the core functionalities (ESMValCore, e.g.
to prepare the CMIP data) as a Python package and a diagnostic part with metrics, scientific
applications and diagnostics, called recipes and translated with YAML (allowing the support of different
programming languages for the diagnostics) and the workflow manager to the ESMValCore. The
ultimate goal is to embed ESMValTool alongside the Earth System Grid Federation as part of a routine
evaluation of CMIP model simulation. Some of the main features are listed at the website
https://www.esmvaltool.org/about.html highlighting (among other) the flexibility of this tool. In
general, this tool allow diagnostics of model simulations against observations, against other models or
to compare different versions of the same model. Descriptions of ESMValTool are available at (Righi et
al. 2020; Eyring et al. 2020; Lauer et al. 2020; Weigel et al. 2021). The general flow chart is visible in
Figure 2

Figure 2: Workflow and tools used in EMSValCore/EMSValTool
(https://esmvalgroup.github.io/ESMValTool_Tutorial/)

ESMVal is continuously developed since 2016 and provides, next to the general tools and frameworks
also the possibility to inform the public with a tool from Freie University Berlin (https://cmipesmvaltool.dkrz.de/).
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1.3 The Protocol for the Analysis of Land Surface models (PALS) and its successor
modelevaluation.org
PALS was an online platform that enables comparison of land surface model outputs to site-based flux
tower data (Best et al. 2015). Ist successor https://modelevaluation.org/ is a web application for
evaluating and benchmarking models (Figure 3). Currently, station-, catchment-, regional- and
globalscale data sets are included such as MODIS evaporation, biomass or albedo. Maintained by the
University New South Wales.

Figure 3: Schematic of modelevaluation.org (from their website)

1.4 PCMDI Metrics Package
The PCMDI metrics package (PMP) is designed as “quick look” comparisons of ESMs with each other
and observations. It is produced for CMIP6 (and earlier) model phases (Gleckler et al. 2016). The PMP
creates of four parts: 1) the analysis software, 2) an observationally-based database of global time
series and climatologies (mainly reanalyses), 3) a database of performance metrics and 4)
documentation and demos (https://github.com/PCMDI/pcmdi_metrics). Focus is on precipitation and
climatologic features such as ENSO, MJO and monsoon characteristics.

1.5 The NASA Land Surface Verification Toolkit (LVT)
The LVT is designed to evaluate, analyze, compare and benchmark the outputs of the Land Information
System LIS (https://lis.gsfc.nasa.gov). It is designed predominantly for terrestrial hydrology datasets
and can handle multiple reference data sets and types. Figure 4 shows the schematic of LVT in its
framework.
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Figure 4: Schematic of LVT and its connection to LIS (Kumar et al. 2012)

2 Outlook
The main outlook questions can be defined as:
1)
2)
3)
4)

Can such kind of tools be considered as universal tools for all ISIMIP sectors?
Which tools are adaptable for the ISIMIP needs?
How can we allocate resources to test those tools with real ISIMIP data?
Is it feasible to start evaluating those tools with one or two sectors to transmit the
experiences and information to all sectors at a later stage?
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