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Full Panel Name (Acronym) : Global Land/Atmosphere System Study Panel

Reporting Period : 01 January - 31 December 2019

Starting Date :NA

End Date (where appropriate) : NA

URL : https://lwww.gewex.org/panels/global-landatmosphere-system-study-
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Membership

Chair(s) and Term Dates : Mike Ek, 2015 - Present (member 2009 - Present)
Kirsten Findell, 2019 - Present (member 2018 - Present)

Members and Term Dates : *Gab Abramowitz, 2008 - Present

AEleanor Blyth, 2011 - Present
Souhail Boussetta, 2018 - Present
Nathaniel Chaney, 2019 - Present
Martyn Clark, 2017 - Present
APaul Dirmeyer, 2000 - Present
AJohn Edwards, 2014 - Present
ACraig Ferguson, 2011 - Present
Chiel van Heerwaarden, 2012 - Present
Samiro Khodayar Pardo, 2019 - Present
*Hyungjun Kim, 2010 - Present
Sujay Kumar, 2015 - Present
*David Lawrence, 2014 - Present
Aude Lemonsu, 2017 - Present
APere Quintana Segui, 2017 - Present
Joshua Roundy, 2016 - Present
*Joseph Santanello, 2011 - Present
*Anne Verhoef, 2018 - Present
Kun Yang, 2017 - Present

* GLASS Project Lead

N GLASS Liason to relevant initiative

Panel Objectives, Goals and Accomplishments during Reporting Period

Overall Panel Objective(s)

* Encouragement of land modeling developments by coordinating the evaluation and
intercomparison of the new generation of land models and their applications to scientific queries of
broad interest, including the proper representation of land-atmosphere interactions with focus on
the role of land.

* To develop a protocol for evaluating experiments to address the central question, “Does my land
model describe the processes in the climate system sufficiently well?”

* To develop an optimal system to create global land data sets in which information is extracted
from both land models and sophisticated observations.

* To estimate the contribution of memory in the land system to the overall predictability of regional
atmospheric phenomena at seasonal time scales.



List of Panel Goals

Adjust yearly

* SoilWat: Improve the understanding and representation of soil physics and groundwater flows in
land and climate models. Processes and parameters of interest include hydraulic pedotransfer
functions (PTFs), thermal PTFs, the impact of different PTFs on the water and energy balance, the
impact of soil structure on surface evaporation, the viability of using vegetation characteristics as a
surrogate for soil structure.

* PLUMBER: Prepare quality-controlled data and lauch PLUMBER2 experiment for 200-300
FLUXNEX site locations.

* PALS/modelevaluation.org: Provide a simple-to-use workflow environment to allow the land model
community to gauge model performance against a suite of standard reference tests at a variety of
temporal and spatial scales and for a variety of process representations.

* ILAMB: Expand the suite of datasets incorporated into ILAMB; expand the usage and utility of the
ILAMB suite of diagnostics; develop methods to incorporate uncertainty; apply ILAMB diagnostics
to CMIP6 output.

¢ LUMIP: Coordinate multi-model assessment of the impacts of land use and land cover change
(LULCC) as part of CMIP6. Develop metrics for assessment of model skill in simulating impacts of
LULCC on climate and biogeochemical cycles.

* LoCo: Promote the importance and development of improved observations of the land-PBL
system; pursue the adoption of LoCo metrics by operational NWP and climate centers; expand the
reach of LoCo techniques and processes beyond warm season and 1-D column assumptions.

* GSWP3: Produce updated forcing for land experiments for LS3MIP.

¢ LS3MIP: Begin land-hist experiments.

List of Key Results
Adjust yearly with respect to goals
* Soil structure and PTFs: Simone Fatichi, Dani Or, Robert Walko, Harry Vereecken, Michael

Young, Teamrat Ghezzehei, Tomislav Hengl, Stefan Kollet, Nurit Agam, Roni Avissar; Soil
structure: an important omission in Earth System Models; Accepted by Nature Communications.

* PLUMBERZ2 and PLUMBER-Urban are underway, hosted by modelevaluation.org.

* ILAMB used to assess CMIP6 models; found a general and broad improvement in models that
participated in both CMIP5 and CMIP6.

* Land-use Harmonization version 2 (historical and future land use change scenarios for use by all
CMIP6 modeling groups) completed. Paper is under review.

* LoCo: Successful field campaigns with increased instrumentation focused on the PBL has led to
an effort to push for GEWEX/GLASS Land-Atmosphere Feedback Observatories (GLAFOs) with a
common set of instruments collecting consistent, long-term observations at climatologically diverse
locations.

* GSWP3: forcing for LS3MIP's EXP1 (land-hist) has been updated and EXP2 (land-future) is in
beta version. Simulations are underway.

Other Science Highlights
Not part of the 2-3 major accomplishments

* The global pattern of changes in dry season water availability is extremely likely influenced by
human-induced greenhouse gas emissions. (Padrén et al, sumbitted).

Panel Activities during Reporting Period

List of Panel Activities and Main Result

¢ SoilWat: Multiple survey projects investigating the scope of process representation in land models
e PLUMBER: QA/QC on land forcing data from 200-300 FLUXNET sites is nearing completion,

including energy balance correction.
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* PALS: Has been relaunched as modelevaluation.org: a web-based platform that is more versitile
and no longer limited to land models. Hosted the PLUMBER-MIP; PLUMBER2 and PLUMBER-
Urban are underway.

* ILAMB widely utilized.

¢ LUMIP Workshop at Aspen Global Change Institute in September 2019 was productive; progress
and plans for more than 20 manuscripts were discussed.

¢ GSWP3 and LS3MIP: Updated naming convections for land variables for ALAM/GLASS and cf-
convention. Modeling groups have begun testing and running land-hist and LFMIP simulations.

List of New Projects and Activities in Place and Main Objective(s)

¢ The NOAA-DOE Climate Process Team (CPT) on Coupling Land and Atmospheric Subgrid
Parameterizations (CLASP) has begun work at multiple institutions. The goal is to understand how
improved communication of heterogeneity from the land model to the atmospheric model
influences boundary layer processes and the development of convection within climate models.

List of New Projects and Activities Being Planned, including Main Objective(s) and Timeline,
Lead(s)

* LIAISE (Aaron Boone, Martin Best, et al). Summer 2020 Iberian Peninsula campaign that will be
focused on land-atmosphere (L-A) interactions, including surface (soil moisture, surface fluxes)
and atmospheric (PBL) observations, aircraft, and ground measurements. Also contains an
anthropocene (irrigation) component. This project shoud have (will have) broad GEWEX
particpation.

* The NASA PBL Incubation Study Team selections were made and include Joe Santanello. There
will be a community PBL Workshop sometime in mid-late May in DC or JPL hosted by this Study
team but open to the whole community to help steer the effort.

Science Issues and Collaboration during Reporting Period
Contributions to Developing GEWEX Science and the GEWEX Imperatives.

a. Data Sets

*  Quality-controlled land model forcing data for 200-300 FLUXNET sites.

Use of GEWEX-supported datasets in ILAMB.

Land use change datasets developed for LUMIP.

GSWP3-EXP1 and EXP2 forcing data.

b. Analysis

*  LUMIP: Wide range of analysis projects on impacts of land cover and land use change on climate
and biogeochemistry.

. Observed changes in dry season water availability attributed to human-induced climate change.

c. Processes

. Improved understanding of land processes, land-atmosphere coupling and impacts on climate
and weather.

d. Modeling

. Land model process improvements stems from work on all the GLASS projects.

e  Many GLASS projects are closely tied to CMIP6 modeling work.

e. Application

—h

Technology Transfer

ILAMB, PALS/modelevaluation.org and LoCo's land-atmosphere coupling metrics
Capacity Building

LoCo WG has many early career scientist working on land-atmosphere interaction issues.

LI (o]
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List contributions to the GEWEX Science Questions and plans to include these.

a. Observations and Predictions of Precipitation

* Improved land-based process representation and land-atmosphere feedbacks in models will
ultimately lead to better prediction of precipitation.

e LFMIP experiment will show how variabiliy of soil-mositure and snow are coupled with regional
precipitation.

b. Global Water Resource Systems

*  GSWP3-EXP1 & EXP2 (land-hist & land-fut of LS3MIP) will provide long-term changes of
water availability globally.

c. Changes in Extremes
*  GSWP3-EXP1 & EXP2 (land-hist & land-fut of LS3MIP) will provide a large simulation set to
be used for extreme analysis on various terrestrial hydrology variables.
e LS3MIP will provide a large simulation set to be used for extreme analysis on various
terrestrial hydrology variables.

d. Water and Energy Cycles

e Better representation of land processes and land-atmosphere interaction improves water and
energy treatment in models.

*  GSWP3-EXP1 & EXP2 (land-hist & land-fut of LS3MIP) will depict a century long water and
energy balance in global scale.

Other Key Science Questions

List 1 — 3 suggestion that you anticipate your community would want to tackle in the next 5-10 years
within the context of a land-atmosphere project

* The role of soil evaporation in the climate system and how to model it reliably.
* Incorporation of land-atmosphere coupling diagnostics into ILAMB.
* Incorporation of all forms of land management in models.

* The impact of human interventions (e.g., groundwater pumping, irrigation) on surface energy and
water cycles.

* The impact of groundwater on climate variability.
Contributions to WCRP including Current Grand Challenges

Briefly list any specific areas of your panel’s activities in particular to the grand challenges “Extremes”
and “Water for the Food Baskets” which is not covered under 2.

* Many GLASS projects (e.g., LUMIP, GSWP3, LoCo) are interested in impacts of agricultural
activities on climate as well as vulnerabilities of agriculture due to climate change.

Cooperation with other WCRP Projects, Outside Bodies and links to applications

e.g. CLIVAR, CIiC, SPARC, Future Earth, etc.

* Many GLASS projects are strongly linked with CMIP6 efforts.

e GSWP3 and LS3MIP cooperate with CIiC.

Workshops and Meetings

List of Workshops and Meetings Held in 2019

Meeting title, dates and location

* 2019 GLASS Panel Meeting, 6-8 August, Boulder (CO), USA

* LUMIP Workshop at Aspen Global Change Institute, September 2019

List of Workshops and Meetings Planned in 2020 and 2021

Meeting title, dates and location and anticipated travel support needs

* Sessions at EGU, AGU and at the PAN-GEWEX meeting

¢ Land Modeling Summit planned for September 2020 will have strong GLASS representation
e HESSSS5, June 15-19, 2020, Saskatchewan, Canada
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Other Meetings Attended On Behalf of GEWEX or Panel in 2019

* GEWEX evaporation workshop that took place from 8-10 October in Sydney, Australia (organised
by Joan Cuxart, Toby Marthews, Jason Evans and Anne Verhoef. Attended by Or and Verhoef.

* AMS and AGU sessions on PBL from Space both led by Santanello and others.

* NASA Planetary Boundary Layer Incubation Community Forum Townhall meeting at AGU Fall
2019 meeting attended by Santanello and others.

Publications during Reporting Period

List of Key Publications

Simone Fatichi, Dani Or, Robert Walko, Harry Vereecken, Michael Young, Teamrat
Ghezzehei, Tomislav Hengl, Stefan Kollet, Nurit Agam, Roni Avissar; Soil structure: an
important omission in Earth System Models; Accepted by Nature Communications

Tafasca, S., Ducharne, A., and Valentin, C.: Weak sensitivity of the terrestrial water budget to
global soil texture maps in the ORCHIDEE land surface model, Hydrol. Earth Syst. Sci.
Discuss., https://doi.org/10.5194/hess-2019-305, in review, 2019.

Bonan, G., D. Lombardozzi, W. Wieder, K. Oleson, D. Lawrence, F. Hoffman, and N. Collier,
2019. Model Structure and Climate Data Uncertainty in Historical Simulations of the Terrestrial
Carbon Cycle (1850-2014). Glob. Biogeochem. Cyc., doi.org/10.1029/2019GB006175.
Lawrence, D.M. R.A. Fisher, C.D. Koven, K.W. Oleson, S.C. Swenson, G. Bonan, N. Collier,
B. Ghimire, L. van Kampenhout, D. Kennedy, E. Kluzek, P.J. Lawrence, F. Li, H. Li, D.
Lombardozzi, W.J. Riley, W.J. Sacks, M. Shi, M. Vertenstein, W.R. Wieder,, C. Xu, A.A. Alj,
A.M. Badger, G. Bisht, M. van den Broeke, M.A. Brunke, S.P. Burns,, J. Buzan, M. Clark, A.
Craig, K. Dahlin, B. Drewniak, J.B. Fisher, M. Flanner, A.M. Fox, P. Gentine, F.Hoffman, G.
Keppel-Aleks, R., Knox, S. Kumar, J. Lenaerts, L.R. Leung, W.H. Lipscomb, Y. Lu, A,
Pandey, J.D. Pelletier, J. Perket,, J.T. Randerson, D.M. Ricciuto, B.M. Sanderson, A. Slater,
Z.M. Subin, J. Tang, R.Q. Thomas, M. Val Martin, and X. Zeng, 2019. The Community Land
Model version 5: Description of new features, benchmarking, and impact of forcing
uncertainty. JAMES, doi.org/10.1029/2018MS001583.

Friedlingstein, Pierre, M. Jones, Michael O'Sullivan, R. Andrew, Judith Hauck, G. Peters,
Wouter Peters et al. "Global carbon budget 2019." Earth System Science Data 11, no. 4
(2019): 1783-1838.

Hurtt, G.C., L. Chini. R. Sahajpal, S. Frolking, B.L. Bodirsky, K. Calvin, J.C. Doelman, J. Fisk,
S. Fujimori, K.K. Goldewijk, T. Hasegawa, P. Havlik, A. Henimann, F. Humpnoder, J.
Jungclaus, J. Kaplan, J. Kennedy, T. Kristzin, D. Lawrence, P. Lawrence, L. Ma, O. Mertz, J.
Pongratz, A. Popp, B. Poulter, K. Riahi, E. Shevliakova, E. Stehfest, P. Thornton, F.N.
Tubiello, D.P. Van Vuuren, and X. Zhang, 2020. Harmonization of Global Land-Use Change
and Management for the Period 850-2100 (LUH2) for CMIP6. Submitted to GMD.

Ito, A., T. Hajima, D. Lawrence, V. Arora, V. Brokvin, B. Guenet, C.Jones, S. Malyshev, S.
McDermid, D. Peano, J. Pongratz, E. Robertson, E. Shevliakova, N. Vuichard, D. Warlink, and
A. Wiltshire, 2020: Soil carbon sequestration simulated in the CMIP6-LUMIP models:
implications for the 4 per 1000 Initiative. Submitted.

Thiery, W., A.J. Visser, E.M. Fischer, M. Hauser, A.L. Hirsch, D.M. Lawrence, Q. Lejeune, E.L.
Davin, and S.I. Seneviratne, 2020: Warming of hot extremes alleviated by expanding irrigation.
Nature Communications, 11, 290, doi.org/10.1038/s41467-019-14075-4.

Meier, R., E. Davin, S. Swenson, D.M. Lawrence, and J. Schwaab, 2019: Biomass Heat
Storage Dampens Diurnal Temperature Variations in Forests. ERL, 14, doi.org/10.1088/1748-
9326/ab2b4e.

Climate, S2S, and Monsoon Applications:

Berg, A., and J. Sheffield. (2019). Evapotranspiration Partitioning in CMIP5 Models:
Uncertainties and Future Projections. Journal of Climate, 32(10), 2653—-2671.
https://doi.org/10.1175/JCLI-D-18-0583.1.

Berg, A., and J. Sheffield. (2019b). Historic and Projected Changes in Coupling Between Soil
Moisture and Evapotranspiration (ET) in CMIP5 Models Confounded by the Role of Different
ET Components. Journal of Geophysical Research: Atmospheres.
https://doi.org/10.1029/2018JD029807
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* Bombardi, R. J., A. B. Tawfik, L. Marx, P. A. Dirmeyer, and J. L. Kinter IIl. (2019). Convection
Initiation in Climate Models Using the Heated Condensation Framework: A Review. Springer
Atmospheric Sciences, 51-70. https://doi.org/10.1007/978-981-13-3396-5_3

* Dirmeyer, P. A., P. Gentine, M. B. Ek, and G. Balsamo. (2019). Land Surface Processes
Relevant to Sub-seasonal to Seasonal (S2S) Prediction. Sub-Seasonal to Seasonal
Prediction, 165-181. https://doi.org/10.1016/B978-0-12-811714-9.00008-5

* Moon, H., Guillod, B. P., Gudmundsson, L., & Seneviratne, S. I. (2019). Soil Moisture Effects
on Afternoon Precipitation Occurrence in Current Climate Models. Geophysical Research
Letters, 46(3), 1861-1869. https://doi.org/10.1029/2018GL080879.

¢ Clouds, Radiation, Biosphere, and Anthropocene:

* Burrows, D. A., C. R. Ferguson, M. Campbell, G. Xia and L. Bosart. (2019). An objective
classification and analysis of upper-level coupling to the Great Plains low-level jet over the
20th century. Journal of Climate. https://doi.org/10.1175/JCLI-D-18-0891.1.

¢ Chen, L., and P. A. Dirmeyer. (2019). Global observed and modelled impacts of irrigation on
surface temperature. International Journal of Climatology, 39(5), 2587-2600.
https://doi.org/10.1002/joc.5973.

* Hudd, E. Fact Finders: How long is the water cycle?. North Mankato, Minnesota, USA.
Capstone Press, 2019. ISBN 978-1-5435-7294-0.

e Osman, M. K, D. D. Turner, T. Heus, and V. Wulfmeyer, 2019: Validating the Water Va-por
Variance Similarity Relationship in the Interfacial Layer Using Observations and Large-eddy
Simulations. Journal of Geophysical Research: Atmospheres (submitted)

* LoCo Modeling, Metrics, and Process Chain Studies:

* Bosman, P., C. van Heerwaarden, and A. Teuling. (2019). Sensible heating as a potential
mechanism for enhanced cloud formation over temperate forest. Quarterly Journal of the
Royal Meteorological Society, 145(719), 450—468. https://doi.org/10.1002/qj.3441

* Branch, O., and V. Wulfmeyer, 2019, Can desert plantations enhance rainfall? Accepted for
publication in Proceedings of the National Academy of Sciences, USA.

e Campbell, M., C. R. Ferguson, *D. A. Burrows and L. Bosart, 2019, Potential effects of
regional soil moisture anomalies on the Great Plains low-level jet, Mon. Wea. Rev., under
minor revision.

e Santanello Jr.,, J. A., P. M. Lawston, S. V. Kumar, and E. Dennis. (2019). Understanding the
Impacts of Soil Moisture Initial Conditions on NWP in the Context of Land—Atmosphere
Coupling. Journal of Hydrometeorology, 20(5), 793-819. https://doi.org/10.1175/JHM-D-18-
0186.1

* Wakefield, R. A,, J. B. Basara, J. C. Furtado, B. G lliston, C. R. Ferguson and P. M. Klein.
(2019). A Modified Framework for Quantifying Land—Atmosphere Covariability during
Hydrometeorological and Soil Wetness Extremes in Oklahoma. Journal of Applied
Meteorology and Climatology, 58(7), 1465—-1483. https://doi.org/10.1175/JAMC-D-18-0230.

* Observations and Field Campaigns:

* Lange, D., A. Behrendt, V. Wulfmeyer, 2019: Operational, Eye-safe, 24/7 Tropospheric Water
Vapor and Temperature Raman Lidar with Turbulence Resolution During Daytime. In
preparation for submission to Journal of Geophysical Research .

* Lee, J., Y. Zhang, and S. A. Klein. (2019). The Effect of Land Surface Heterogeneity and
Background Wind on Shallow Cumulus Clouds and the Transition to Deeper Convection.
Journal of the Atmospheric Sciences, 76(2), 401-419. https://doi.org/10.1175/JAS-D-18-
0196.1

* Tang, S., S. Xie, M. Zhang, Q. Tang, Y. Zhang, S. A. Klein, D. R. Cook, ..., R. C. Sullivan.
(2019). Differences in Eddy-Correlation and Energy-Balance Surface Turbulent Heat Flux
Measurements and Their Impacts on the Large-Scale Forcing Fields at the ARM SGP Site.
Journal of Geophysical Research: Atmospheres, 124(6), 3301-3318.
https://doi.org/10.1029/2018JD029689

* \Weather and Extremes:

e Wu, J.,, and P. A. Dirmeyer, 2019a: Drought demise attribution over CONUS. Part I:
Development of a drought demise framework using Earth system model output. Journal of
Geophysical Research (submitted).
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e Wu, J,, and P. A. Dirmeyer, 2019b: Drought demise attribution over CONUS. Part II:
Application and representativeness test. Journal of Geophysical Research (submitted).

* Kim, H. (2019) [Global Climate] River Discharge and Runoff [in "State of the Climate in 2018,
Bull. Amer. Meteor. Soc., doi:10.1175/2019BAMSStateoftheClimate.1

* Ménard, C., R. Essery, A. Barr, P. Bartlett, J. Derry, M. Dumont, C. Fierz, H. Kim, A. Kontu, Y.
Lejeune, D. Marks, M. Niwano, M. Raleigh, L. Wang and N. Wever (2019), Meteorological and
evaluation datasets for snow modelling at ten reference sites: description of in situ and bias-
corrected reanalysis data, Earth System Science Data, doi.org/10.5194/essd-2019-12

* Padrén, R. S., L. Gudmundsson, A. Ducharne, D. M. Lawrence, J. Mao, D. Peano, J. Colin, G.
Krinner, H. Kim and S. I. Seneviratne (____ ) Observed changes in dry season water
availability attributed to human-induced climate change, Nature Geoscience, submitted

* Menard, C. B, R. Essery, G. Arduini, P. Bartlett, A. Boone, C. Brutel-Vuilmet, E. Burke, M.
Cuntz, Y. Dai, B. Decharme, E. Dutra, X. Fang, C. Fierz, Y. Gusev, S. Hagemann, V. Haverd,
H. Kim, G. Krinner, M. Lafaysse, T. Marke, O. Nasonova, T. Nitta, M. Niwano, J. Pomeroy, G.
Schadler, V. Semenov, T. Smirnova, U. Strasser, S. Swenson, D. Turkov, N. Wever, and Hua
Yuan (___ ) Disentangling scientific from human errors in a snow model intercomparison,
BAMS, submitted

* Reyer, C.,R. S. Gonzalez, K. Dolos, F. Hartig, Y. Hauf, M. Noack, P. Lasch-Born, T. Rétzer,
H. Pretzsch, H. Mesenburg, S. Fleck, M. Wagner, A. Bolte, T. G.M. Sanders, P. Kolari, A.
Makela, T. Vesala, I. Mammarella, J. Pumpanen, A. Collalti, C. Trotta, G. Matteucci, E.
D'Andrea, L. Foltynova, J. Krejza, A. Ibrom, K. Pilegaard, D. Loustau, J.-M. Bonnefond, P.
Berbigier, D. Picart, S. Lafont, M. Dietze, D. Cameron, M. Vieno, H. Tian, A. Palacios-Orueta,
V. Cicuendez, L. Recuero, K. Wiese, M. Bichner, S. Lange, J. Volkholz, H. Kim, G. P.
Weedon, J. Sheffield, I. V. del Valle, F. Suckow, J. A. Horemans, S. Martel, F. Bohn, J.
Steinkamp, A. Chikalanov, M. Mahnken, M. Gutsch, and K. Frieler (___ ) The PROFOUND
database for evaluating vegetation models and simulating climate impacts on forests, ESSD,
submitted
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