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1.0 Background 
Why doesn’t precipitation in climate models improve more over time? Precipitation is a primary 

manifestation of climate. But climate models have struggled and continue to struggle with simulating it 
accurately – biases have been persistent throughout generations of climate models. A key factor in this 
lack of progress on precipitation is that it receives little attention in the model developing and tuning 
process, aside from the spatial pattern of mean precipitation. Instead, the tuning process focuses on the 
time series of global mean surface temperature, often optimizing temperature at the expense of 
characteristics of precipitation. One barrier to addressing aspects of precipitation in the model 
development and tuning process is a lack of consensus about which characteristics of precipitation to 
target, and what the best observations of these characteristics are. The result is that simulated 
characteristics of precipitation, like its intensity, are often incorrect.  

Modeling precipitation isn’t the only challenge involved – observing precipitation is hard too. Model 
development groups are less than ideally situated to assess which characteristics of precipitation are 
observed best. Furthermore, uncertainty in observations of precipitation is usually large – including 
uncertainty information along with observations is essential to avoid over-fitting during the model 
development and tuning process.  

To address this gap in information about the characteristics of precipitation, a prioritized set of 
precipitation characteristics and a set of observational benchmarks including uncertainty is needed. We 
propose to gather an expert team on model evaluation and observed precipitation to identify a set of 
metrics for precipitation that should be targeted for improvement in model development and evaluation, 
and to identify the best available observations of these metrics, as well as their uncertainty. This set of 
“observational benchmarks for precipitation” would facilitate a focus on improving precipitation in model 
development and analysis. 

Many characteristics other than precipitation are already entrenched in the model development 
process, so for this effort to be successfully taken up by modeling groups it will be essential that it is 
targeted. Key to this effort will be formulating a set of suitable performance measures – or metrics – that 
succinctly and yet meaningfully summarize model behavior. We will frame the observational 
benchmarking of precipitation as a challenge for modeling groups. After developing a set of metrics and 
observational benchmarks, we will evaluate the current (CMIP5 and CMIP6) generations of climate 
model simulations against the benchmarks. This will provide a clear sense of where model simulations are 
currently, as well as a target for where improvements can be made. 

Faithfully reproducing the many spatial and temporal scales of precipitation is one of the most 
important and yet also most challenging tasks of Earth System Models (ESMs). With significant efforts 
focusing on the global mean temperature and the associated energy balance in the past decades, our 
attention must expand to improving the simulation of regional climate, with precipitation being 
fundamental to the challenge. Precipitation is also the signature of atmospheric-latent-heating-
determining circulation features from global to local scales, and is intimately linked to cloud processes 
and cloud-radiative effects that dominate modeling uncertainties. Without progress in modeling 
precipitation, a multitude of barriers will remain. For example, a lack of fidelity in model rainfall will 
compromise the realism in simulating biogeochemical interactions over land, which in turn will 
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compromise our ability to estimate carbon feedbacks. With a carefully selected expert team, we propose 
to design and implement a capability that will enable routine and systematic evaluation of simulated 
precipitation at all scales in ESMs. This analysis suite will capture a diverse set of precipitation 
characteristics for quantifiably interrogating models with observations across space and time scales. It 
will provide clear targets to focus modeling priorities toward improving key processes directly linked to 
simulated precipitation deficiencies. 

Just as precipitation is multiscale, model precipitation errors can be found on all scales, ranging from 
large-scale long-standing rainfall biases in the tropics, to errors in simulating rainfall associated with mid-
latitude frontal systems or large-scale tropical circulations, such as the MJO, to local errors in the diurnal 
phasing and amplitude of precipitation. We intend to probe all relevant phenomena with a unified analysis 
capability to test the performance of CMIP-class ESMs, with an eye on being able to gauge the quality of 
higher-resolution models on the horizon. 

Despite many years of effort and significant investment, model errors in precipitation have remained 
large, hindering the use of ESMs in decision making. Progress will critically hinge on mobilizing ideas 
and resources to address the many problems likely involved in the poor simulation of precipitation, from 
cumulus parametrization to microphysical processes to the atmospheric thermodynamic environment and 
circulation. We argue that a re-energized emphasis into improving simulated precipitation is urgently 
needed. Through its close coupling to clouds and circulation, any improvements in precipitation will 
likely have significant repercussions in other aspects of the Earth System. 

We propose to launch the initiative by initially having a workshop that will help form a small working 
group to assess the current abilities of climate models in simulating precipitation. The workshop is 
expected to be in the Washington, D.C. metro area and bring in experts who will decide on the types of 
metrics that will cover all aspects of precipitation from mean errors to extremes. 

1.1 Targeted Climate Models 

This effort will target climate models that are global in scale, and the assessment of the current status 
of precipitation in climate models will focus on CMIP5/6 simulations. A key area of advancement in 
climate modeling that is anticipated in the coming 5-10 years is an improvement in model resolution in 
the horizontal as well as the vertical dimension, including the DOE’s E3SM effort. One motivation for 
increasing resolution is to improve the skill of climate models in representing precipitation. As we move 
toward the next generation of climate models, it will be essential to quantify and document progress, and 
we envision this initiative as an important contribution to this documentation – providing a 
comprehensive baseline assessment of precipitation at present and a framework for evaluating the next 
generations of climate model precipitation. 

One challenge will be to strike the right balance by keeping the metrics set small enough to not be 
overwhelming, and yet large enough to cover independent aspects so that improvements as a whole 
cannot be achieved through model tuning alone. Special emphasis will also be given to preparing for the 
evaluation of next-generation high-resolution models. 

An active area of research involves understanding the reasons behind precipitation biases, which requires 
analysis of the mechanisms that generate precipitation in different regions and seasons in observations 
and in climate models. Such analysis can inform development of new, potentially more sophisticated 
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metrics that may become sufficiently established within the research community to be included in the 
standard metrics set for use in the future and provides guidance on model development. 

1.2 Implementation of the Metrics 

PCMDI has significant experience in managing such a code base, which will be closely aligned with 
the PCMDI Metrics Package (PMP) to ensure that performance tests can efficiently be applied to all 
models contributed to the ESGF-hosted CMIP database. Achieving these goals requires strong 
collaboration with the observational community, who will be represented on the working group to provide 
advice on available observational products and their uncertainties. 

We propose to launch this initiative with a 2.5-day workshop in the Washington, D.C. area. As a 
primary goal, the workshop will bring together the working group that will identify and prioritize the set 
of metrics, as well as the best available observations to quantify these metrics. The workshop will also 
include discussion of analysis of precipitation mechanisms for understanding model biases, with the goal 
of identifying avenues of research that may ultimately lead to process-oriented metrics to be included in 
the future. It will also assign the writing tasks and completion timeline for the report and review paper. 

1.3 Expected Outcomes of the Workshop and Working Group 
• A DOE workshop report that includes: 

– A synthesis of existing analysis of precipitation in climate models (CMIP5/6) 

– A list and the rationale of established precipitation metrics that will be used to assess the current 
ESMs within the year 

– A summary of exploratory process-oriented metrics that may become suitable candidates for 
expanding the benchmarking suite. 

• Formation of a smaller working group of scientists that will work on developing the first set of 
metrics within the year and implementing them into the PCMDI Metrics Package. 

• A review paper that summarizes the main results of the working group and includes the set of metrics 
and the result of the CMIP6 comparisons. 

• A repository of all codes and data developed by the project, facilitated by PCMDI to enable 
community use for all current and future generations of ESMs. 

2.0 Working Group 
The working group will consist of scientists actively involved in precipitation evaluation, with 

particular emphasis on performance metrics. Completion of this task should take no more than 12-18 
months and will involve both the existing CMIP5 simulations as well as CMIP6 simulations as they 
become available. 

The primary tasks of this working group will be to (1) develop a set of metrics for key aspects of 
precipitation and (2) identify the best approach to quantifying each target metric from observations. The 
set of metrics will be chosen such that they quantify different aspects of precipitation, while remaining 
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observable – addressing observational uncertainty will also be essential. It is anticipated that the initial set 
of metrics will be drawn from the existing literature, with the expectation that ongoing research may lead 
to additional metrics that will be incorporated into the code repository. 

3.0 Starting Point for Potential Set of Metrics 
Below are some initial categories and potential example metrics to be discussed at the workshop. We 

stress that these are preliminary, as a primary task of the working group is to identify and prioritize the set 
of metrics for near-term implementation and application. 

1. Spatial pattern, seasonal cycle, and global average precipitation 

If the goal is to facilitate modeling groups to improve precipitation in their models, our framework 
needs to integrate their existing practices before building new ones. Currently, the main characteristic of 
precipitation taken into account in the model development and tuning process is its spatial pattern 
(Hourdin et al. 2017). Reasonable estimates of monthly- and seasonal-mean precipitation are already 
viewed as an essential component of having a credible climate model simulation. This is facilitated by the 
relative ease for model developers of identifying credible observational data sets for monthly average 
precipitation, like GPCP’s monthly product. Nonetheless, assessing the spatial pattern and seasonal cycle 
of precipitation is an important basic component of assessing climate model precipitation, especially since 
despite the attention, persistent and pervasive systematic biases still exist – for example, the “double 
ITCZ”. 

One of the most basic measures of precipitation for the earth’s energy cycle is its global mean. The 
CMIP5 generation of simulations had a substantial bias in global-mean precipitation relative to the best-
available observations that were available upon their release (Stephens et al. 2012). But since that time, 
new research on the observational side has produced improved precipitation estimates at high latitudes 
(e.g., Behrangi et al. 2014). Further advances in observational data sets may also include additional 
precipitation estimates at light rain rates over the ocean observed by CloudSat but not precipitation-
focused satellite constellations, and also orographic precipitation not captured by the observing system. 
The current best estimate of global-mean precipitation and an appropriate uncertainty measure will be 
useful for integrating our assessment with the existing framework for evaluating precipitation. 

2. Diurnal cycle 

The diurnal cycle is an essential characteristic of precipitation, varying among locations and seasons. 
Some aspects of the diurnal cycle, especially those in convective regions, have presented perplexing 
systematic biases for generations of climate models. As climate model resolution advances and 
representation of convective processes improves, it is possible that the diurnal cycle will improve along 
with it, so including this in our assessment is crucial. 

3. Distributions of precipitation intensity and frequency 

An adage in climate modeling is that models rain “too often and not hard enough.” But this statement 
is often based on looking at the total intensity and frequency of precipitation – the average over all days 
with precipitation (or with precipitation over a low threshold). In terms of the distribution in intensity of 
daily precipitation volume, there is an enormous range of skill across climate models (Pendergrass and 
Hartmann 2014), with some models that are quite skillful compared to observations, and others whose 
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precipitation falls at entirely unjustifiable intensities. This wide variation reflects that many modeling 
groups do not take the distribution of precipitation into account in their development process. Meanwhile, 
the bias in total precipitation frequency arises largely from just one type of precipitation event – the very 
lightest events – which may be unrelated to processes that drive heavier precipitation, and are 
unconstrained energetically since they involve little latent heat flux. One barrier for modeling groups is 
that unlike monthly precipitation, daily precipitation volume differs substantially among observational 
data sets. Providing modelers the best estimates from observations with appropriate uncertainty vetted by 
observationalists will facilitate identifying and addressing problems with precipitation frequency and 
intensity. 

4. Variability of precipitation 

The variability of precipitation on a variety of timescales is one of its primary characteristics. We will 
quantify precipitation associated with modes of atmosphere-ocean-land variability, including phenomena 
like ENSO and the MJO, which are already considered in many assessments of modeled precipitation. We 
will also consider precipitation variability across timescales – daily, interannual, and decadal. An 
appropriate spectrum of variability is interconnected with many other aspects of precipitation. The 
variability of precipitation is another arena where input from observationalists is needed to navigate the 
effects of changes in the observing system that can imprint themselves on measures of variability, and to 
quantify uncertainty appropriately. 

5. Intermittency and sequencing 

Recent work has begun to address aspects of precipitation that are essential for impacts, but have 
often been neglected: the intermittency and sequencing of precipitation events (e.g., Trenberth 
et al. 2017). Leveraging these relatively new metrics will be important for simulating characteristics of 
precipitation that are important for its impacts. 

6. Process-oriented metrics for tropical and extra-tropical precipitation 

Getting the right distribution of precipitation in space and time is not useful if this right answer is for 
the wrong reasons; including process-oriented metrics will be essential to evaluate this. Process-oriented 
metrics should differ among regions and seasons driven by different dynamics, so it is especially 
important to consider the extratropics and tropics separately. Some examples of process-oriented metrics 
can include the joint relationships between precipitation and circulation (vertical velocity and 
convergence or divergence of horizontal wind), temperature, and moist static energy. These metrics may 
also include composite precipitation on tracked tropical cyclones, extratropical storms, landfalling 
atmospheric rivers, or mesoscale convective systems. 

7. Heavy and extreme precipitation events 

The most intense precipitation events drive many of the impacts of precipitation, as well as 
constituting a substantial portion of total precipitation. We will consider heavy and extreme precipitation 
with multiple metrics. Holistic metrics for precipitation can take forms like the spatial pattern of the 
heaviest day of precipitation each year, or various percentiles of precipitation. Statistical techniques based 
on the Generalized Extreme Value distribution can tell us about the characteristics of the tail of the 
precipitation distribution. In contrast, event-based measures leveraging tracking algorithms, including 
those developed in DOE’s RGMA program, provide an alternative perspective from which to evaluate 
precipitation associated with extreme events like tropical cyclones and mesoscale convective systems. 
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DOE Precipitation Metrics Workshop 
 

July 1 to 2, 2019 

Rockville Hilton 
1750 Rockville Pike 
Rockville, MD 20852 

(Metro Stop: Twin Brook Station on Red Line) 
 

AGENDA 
 

Day 1  
Welcome & Introductions 
8:00 am. Gather 
8:20 a.m. Welcome from DOE (G. Geernaert, R. Joseph) 
 

Background, Motivation, Starting Point and Expectations 
8:35 a.m. Aims of the workshop: Why are we here?  (C. Jakob)  
8:45 a.m.  Perspectives on what to include as a baseline (A. Pendergrass) 
8:55 a.m. A strawman as a starting point (P. Gleckler) 
9:20 a.m. Perspectives on exploratory metrics (R. Leung) 
9:35 a.m. Attendee intros, reactions and 1- to 3-minute perspectives on pre-meeting ideas 
10:30 a.m. Break 
 

Topics Relevant to Defining Precipitation Benchmarks 
In addition to presenting their expertise as it relates to the workshop, presenters 
are asked to discuss their views on: 1) the co-chairs’ strawman,  
2) additional/alternate candidates for an initial set of benchmarks, and 3) topics 
relevant for future research that may lead to a more comprehensive and 
advanced set of metrics. 

10:45 a.m.   A modeler’s perspective (R. Neale) 
11:00 a.m. Evaluating simulated precipitation (including snowfall) with satellite 

observations (T. L'Ecuyer)  
11:20 a.m. Extremes evaluation under observational uncertainty (M. Bador) 
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11:40 a.m. Connecting spatial and temporal scales of precipitation (G. Martin)  
11:50 a.m.       An Impacts-related perspective (A. Ruane)  
12:05 p.m.  Return value extremes and scale mismatch in model evaluation (M. Wehner) 
12:25 p.m.    Use-inspired metrics (P. Ullrich) 
12:45 PM Lunch 
 

Break Out Group Discussion—Identifying Initial Set of Benchmarks 

2:00 p.m. Discussion topics: 

• A set of set metrics, comprehensive but also concise and ready to go, 
and supported by the group, for evaluating precipitation in models 

• How should we address observational uncertainty? 
• A plan for efficient implementation 
• A plan for turning this into a publication evaluating the CMIP6 models; 

consider the feasibility of doing this by Dec 31, 2019  
• A set of (research) priorities for what should go into the next 

benchmarking round (which won't have the same time pressure of the 
IPCC/CMIP deadline) 

BOG1 Chair: C. Jakob, Rapporteur: G. Tselioudis 
BOG 2 Chair: P. Gleckler, Rapporteur: Travis O’Brien 

3:30 p.m. Break 
3:45 p.m. BOG report out and plenary discussion 
5:30 p.m. End of session 
 

Day 2  
Reconvene  
9:00 a.m. Gather; discussion on overnight thoughts  
 

Topics Relevant to Exploratory Metrics 
9:30 a.m. Evaluating simulated precipitation with ARM data (S. Xie) 
9:40 a.m. Convection onset metrics (D. Neelin) 
10:00 a.m. Machine learning and frontal systems (K. Kunkel) 
10:15 a.m. Discussion  
10:30 a.m. Break 
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10:45 a.m. Extratropical and frontal rainfall (J. Catto) 
11:00 a.m. A regime-oriented perspective on evaluation of precipitation (G. Tselioudis) 
11:20 a.m.  Variability of monsoons (B. Boos) 
11:30 a.m.  Discussion 
12:30 PM Lunch  
 

Break Out Group Discussion (Establishing Initial Set, Areas of Needed Research) 
2:00 p.m.  BOG 3: What needs to happen for:  

1. Solidifying the strawman - initial set of benchmarks, and other details of the 
approach 

2. Strategy for analysis + publication by IPCC deadline? 
 Chair: A. Pendergrass, Rapporteur: R. Neale 

Participants: M. Bador, J. Lee, T. L'Ecuyer, M. Wehner, C. Jakob, P. Gleckler, 
P. Ullrich, C. Kidd, D. Easterling 

2:00 p.m.  BOG 4: What should the next generation of metrics look like? (Exploratory and 
process oriented metrics discussion) 
1. What aspects (e.g., precipitation types, higher order moments) of 

precipitation should the exploratory metrics focus on to complement the 
standard metrics? 

2. Should relationships between precipitation and other quantities be considered 
in the exploratory metrics? 

3. What principles should be used to prioritize the exploratory metrics? 
4. How to implement a phased approach for exploratory metrics? 

 Chair: R. Leung, Rapporteur: S. Xie  
Participants: B. Boos, J. Catto, K. Kunkel, G. Martin, D. Neelin, G. Tselioudis, T. 
O’Brien, C. DeMott  

3:30 p.m. Break 
 

Summative Plenary Discussion 
4:00 p.m. Reports from BOGs; discuss how we will move forward 
5:00 p.m. End of Workshop 
  



 

4 
 

DOE Precipitation Metrics Workshop 
 

July 1 to 2, 2019 

Rockville Hilton 
1750 Rockville Pike 
Rockville, MD 20852 

(Metro Stop: Twin Brook Station on Red Line) 
 

PARTICIPANTS 
 

Participant Affiliation Email 

Margot Bador University of New South Wales 
(Australia) m.bador@unsw.edu.au 

Dan Barrie National Oceanic and 
Atmospheric Administration daniel.barrie@noaa.gov 

Paul Bayer U.S. Department of Energy Paul.Bayer@science.doe.gov 

Bill Boos University of California, Berkeley  william.boos@berkeley.edu 

Jennifer Catto University of Exeter (UK) J.Catto@exeter.ac.uk 

Charlotte Demott Colorado State University Charlotte.DeMott@Colostate.edu 

David Easterling NOAA/National Centers for 
Environmental Information david.easterling@noaa.gov 

Andrew Flatness U.S. Department of Energy Andrew.Flatness@science.doe.gov 

Gary Geernaert U.S. Department of Energy Gerald.Geernaert@science.doe.gov 

Peter Gleckler Lawrence Livermore National 
Laboratory gleckler1@llnl.gov 

Wayne Higgins National Oceanic and 
Atmospheric Administration wayne.higgins@noaa.gov 

Justin Hnilo U.S. Department of Energy Justin.Hnilo@science.doe.gov 

Jin Huang  National Oceanic and 
Atmospheric Administration jin.huang@noaa.gov 

Christian Jakob Monash University (Australia) christian.jakob@monash.edu 

Renu Joseph Department of Energy Renu.Joseph@science.doe.gov 

mailto:daniel.barrie@noaa.gov
mailto:daniel.barrie@noaa.gov
mailto:william.boos@berkeley.edu
mailto:william.boos@berkeley.edu
mailto:J.Catto@exeter.ac.uk
mailto:J.Catto@exeter.ac.uk
mailto:Charlotte.DeMott@Colostate.edu
mailto:Charlotte.DeMott@Colostate.edu
mailto:gleckler1@llnl.gov
mailto:gleckler1@llnl.gov
mailto:wayne.higgins@noaa.gov
mailto:wayne.higgins@noaa.gov
mailto:jin.huang@noaa.gov
mailto:jin.huang@noaa.gov
mailto:christian.jakob@monash.edu
mailto:christian.jakob@monash.edu
mailto:Renu.Joseph@science.doe.gov
mailto:Renu.Joseph@science.doe.gov


 

5 
 

DOE Precipitation Metrics Workshop Participants –Continued 
 

Chris Kidd NASA's Goddard Space Flight 
Center chris.kidd@nasa.gov 

Ken Kunkel North Carolina Institute for Climate 
Studies ken.kunkel@noaa.gov 

Tristan L'Ecuyer University of Wisconsin, Madison tlecuyer@wisc.edu 

Jiwoo Lee Lawrence Livermore National 
Laboratory lee1043@llnl.gov 

Ruby Leung Pacific Northwest National 
Laboratory Ruby.Leung@pnnl.gov 

Gill Martin Met Office (UK) gill.martin@metoffice.gov.uk 

Sally McFarlane U.S. Department of Energy Sally.McFarlane@science.doe.gov 

Jessica Moerman U.S. Department of Energy Jessica.Moerman@science.doe.gov 

Shaima Nasiri U.S. Department of Energy Shaima.Nasiri@science.doe.gov 

Rich Neale National Center for Atmospheric 
Research rneale@ucar.edu 

David Neelin University of California, Los 
Angeles neelin@atmos.ucla.edu 

Travis O'Brien Lawrence Berkeley National 
Laboratory TAOBrien@lbl.gov 

Angie Pendergrass National Center for Atmospheric 
Research apgrass@ucar.edu 

Rick Petty U.S. Department of Energy Rick.Petty@science.doe.gov 

Alex Ruane NASA Goddard Institute for Space 
Studies alexander.c.ruane@nasa.gov 

Jennifer Saleem-Arrigo U.S. Global Change Research 
Program jsaleem-arrigo@usgcrp.gov 

Ginny Selz National Oceanic and 
Atmospheric Administration virginia.selz@noaa.gov 

Daniel Stover U.S. Department of Energy Daniel.Stover@science.doe.gov 

George Tselioudis NASA Goddard Institute for Space 
Studies george.tselioudis@nasa.gov 

Paul Ullrich University of California, Davis paullrich@ucdavis.edu 

Bob Vallario U.S. Department of Energy Bob.Vallario@science.doe.gov 

Michael Wehner Lawrence Berkeley National 
Laboratory MFWehner@lbl.gov 

Shaocheng Xie Lawrence Livermore National 
Laboratory xie2@llnl.gov 

 

mailto:chris.kidd@nasa.gov
mailto:chris.kidd@nasa.gov
mailto:ken.kunkel@noaa.gov
mailto:ken.kunkel@noaa.gov
mailto:tlecuyer@wisc.edu
mailto:tlecuyer@wisc.edu
mailto:Ruby.Leung@pnnl.gov
mailto:Ruby.Leung@pnnl.gov
mailto:gill.martin@metoffice.gov.uk
mailto:gill.martin@metoffice.gov.uk
mailto:Jessica.Moerman@science.doe.gov
mailto:Jessica.Moerman@science.doe.gov
mailto:rneale@ucar.edu
mailto:rneale@ucar.edu
mailto:neelin@atmos.ucla.edu
mailto:neelin@atmos.ucla.edu
mailto:TAOBrien@lbl.gov
mailto:TAOBrien@lbl.gov
mailto:apgrass@ucar.edu
mailto:apgrass@ucar.edu
mailto:alexander.c.ruane@nasa.gov
mailto:alexander.c.ruane@nasa.gov
mailto:jsaleem-arrigo@usgcrp.gov
mailto:jsaleem-arrigo@usgcrp.gov
mailto:virginia.selz@noaa.gov
mailto:virginia.selz@noaa.gov
mailto:george.tselioudis@nasa.gov
mailto:george.tselioudis@nasa.gov
mailto:paullrich@ucdavis.edu
mailto:paullrich@ucdavis.edu
mailto:MFWehner@lbl.gov
mailto:MFWehner@lbl.gov
mailto:xie2@llnl.gov
mailto:xie2@llnl.gov


 

 

 
 
 


	1.0 Background
	1.1 Targeted Climate Models
	1.2 Implementation of the Metrics
	1.3 Expected Outcomes of the Workshop and Working Group

	2.0 Working Group
	3.0 Starting Point for Potential Set of Metrics
	4.0 References
	4.0 References



