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LUMIP Timeline

2013 Summer: Concept

2013 Fall: CMIP Proposal, WGCM Briefing

2014 Spring: GLP Meeting, Workshop 1

2014 July 17-18: GEWEX — Biogeophysics

2014 July 21-22: Hamburg — Biogeochemistry
2014 July 28-Aug 1: EMF Snowmass Meeting
2014 August 5-9: AGCI Aspen Joint-MIP Workshop
2014 September 15: LUMIP proposal due

2014-2017: Diagnostics, new scenarios, new data sets,
experimental design

2015 GMD paper
2018-2019: Model results and synthesis
2020: WG1 AR6 Report published



Terrestrial Processes in CMIP6 .!.

A

Collection of coordinated
activities to assess land role
in climate and climate change

* Land Only simulations
forced with obs historical
climate (joint GSWP3,
TRENDY, ISI-MIP protocol)

* Land Use = LUMIP
land use forcing on climate,
biogeophysics and
biogeochemistry with policy
relevance (LUCID)

» Carbon Cycle = C4AMIP
land biogeochemical
feedbacks on climate
change

 Land = LSMIP
land systematic biases and
biogeophys feedbacks
including soil moisture and
snow feedbacks

Land DECK incl
Clouds/ atm only, land

Chemistry / circulation Ocean/ | only, and
aerosols ST P, S€alce | ocean/sea-ice

Characterizing

Paleo
dineds Scenarios
Decadal
prediction

Regional climate /

Geo- extremes

engineering

Adapted from Meehl et al., EOS, 2014



LUMIP Major Science Questions

 What are the effects of land use and land-use change
on climate (past-future)?

 What are the effects of climate change on land-use
and land-use change?

* Are there regional land management strategies with
promise to help mitigate climate change?

*Additional detailed science questions to get at process
level attribution, uncertainty, data requirements, etc.

*Particular focus on uncertainty, and separating effects of:
fossil fuel vs. land use, biogeochemical vs biophysical, land
cover vs land management.



LUMIP Major Activities

 Model metrics and diagnostics

— Develop set of metrics to assess/quantify model performance with
respect to land use impacts on climate

— A diagnostic protocol developed to quantify related model
sensitivities
— Development of land use benchmarking data products for
evaluation
* Data standardization

— Repeat and mature land use harmonization process—> enhanced
land-use data set for CMIP6, passing maximum amount of common
information between relevant communities (Historical, IAMs, ESMs)

— Provide additional required land management datasets
— Data output standardization, new variables

 Model experiments

— Development of efficient model experiments designed to isolate
and quantify land use and land management effects



Model Metrics and Diagnostics (Draft)

Primary variables: net radiation, evapotranspiration,
temperature, precipitation, and land carbon stocks

Protocol: paired simulations w/wo factor, online and/or
offline, range of spatial and temporal scales and
domains, ensemble members

Leverage existing datasets for evaluation from multiple
ongoing landmips, supplement as needed

Development of global benchmark maps for all forcing
case

Development of paired-sites data sets for land-use factor
experiments

ILAMB+LU extension



Data Standardization (Draft)

Updated land-use history

— Pasture anomaly correction, new enhanced historical
reconstruction, Landsat constraint

New future scenarios

— ldealized, Realistic

New land-use AND land-cover harmonizations with Mgt
— Land-use transitions,

— F/NF gross transitions, PFT land cover transitions

— Harvest, Fertilizer, Irrigation, Crop type, Biofuel

Standardization of data usage

— more information, clear articulation of best practices,
stratified comparisons



Model Experimental Design (Draft)

Overall Approach:
Two track design: 1) idealized; 2) realistic simulations

Tiered prioritization of experiments

Track 1 (Start now) Idealized model experiments designed to:

* Improve process understanding/assessment of how models represent impact of
changes in land state on climate;

* Quantify model sensitivity to potential land cover and land management
changes. Land cover/land management factors manipulated in simple standard
fashion.

Track 2 Realistic model experiments designed to:

* Isolate the role of land cover/use change on climate relative to other forcings



Draft experimental design (Track 1)

Experiment Description Period
Pr(:lcesst di Idealized experiments designed to assess biogeophysical role of
undgerstanding land cover change on climate
Idealized 1% or 2% per year deforestation, once
CPL_1%DF global deforest, continue run for 50 to 100 years  1850-7?7?7?
(Tier 1)
LND_DF, Land, atm, cpl simulations with some set of
ATM_DF, tropical, boreal, or temperate deforestation 1980-2010
CPL_DF (defined by LUCAC/LUCID?) (Tier 3)



Draft experimental design (Track 1)

Experiment

Description

Period

Land cover versus
land management
change
(Tier 2)

LND_control

LND_grasscrop

LND_ woodharv

LND pasture

LND_ crop

LND_crop-irrig

LND_crop-irrig-
fert

1

Assess relative impact of land cover and incrementally more
comprehensive land management change on land to atmosphere
fluxes of water, energy, and carbon; forced with historical

observed climate and projected climate anomalies

No land use change: Offline LND with transient
CO,, N-dep, aerosol dep but land cover held at
1850 distribution

LND_control but w/ land use change with
‘grassland’ crop/pasture

LND _control with wood harvest turned on
LND_grasscrop but with grazing ???

Land use change with crop area utilizing
prognostic crop model

Land use change with crop model and realistic
transient irrigated area

Land use change with crop model + irrigation and
realistic transient fertilization

1850 — 2010
or
1850 — 2100



Draft Experimental Design (Track 2)

Experiment

Description

Period

Land use change impact on land to atmosphere fluxes of water, energy, carbon

(Tier 1)

LND_allforce

LND noLULCC

Offline LND with crop, irrigation, fertilization
schemes active with transient land cover and land
management and CO,, N-dep, and aerosol dep
forced with historical observed climate (LMIP)

Same as LND_allforce except with land cover held
constant at 1850, no human impact

Land use change impact on past and future climate

(Tier 1)

CPL_ allforce

CPL_noLULCC
_hist

CPL_landpolicy

CPL_noLULCC
fut

All forcing simulation (DECK, ScenarioMIP)

Same as ESM _allforce except with land cover/use
held constant at 1850, concentration (for DA) and
emission driven, no human impact

Additional land mitigation policy scenarios for a
particular RF scenario, keep all GHG the same, only
change land use; emissions driven runs if possible

Future simulation with land cover/use held constant
at 2014 levels; emissions driven runs if possible

1850-2012,
2013-21007

1850-2100

1850-2010/21007
(3 ens for
conc runs)

2014-2100
(# ens?)

2014-2100
(# ens?)



Draft Experimental Design (Track 2)

Experiment Description Period

Effects of climate change on land use and land use change

IESM ??7?



Topics for Discussion

What are the most important scenarios to study in LUMIP?

What are the largest policy relevant land-use changes
contemplated?

What is the most important information for IAMs to pass to
ESMs in support scenarios? (e.g. Land cover change,
Biofuels/CCS, Ag. Mgt?)

When is initial year, and is there an attempt at harmonization
across IAMs in that year, what variables, what resolution?

Can we design and execute an effective land-use coupling
experiment?

How can we improve workflow/information flow between
History/Obs, ESM, IAM?



PARKING LOT



IAM-LUH-ESM INFO EXCHG

CMIP5

* Crop area

* Pasture area

* Wood harvest carbon
 Urban area*

* Biofuel area*™

CMIP6?

* Crop area

* Pasture area

* Wood harvest carbon
* Urban area*

* Biofuel area™

* Land cover F/NF
* Land cover PFT
* Fertilizer amt/t
* Irrigation amt/t
* Transitions?

* Narrative?



Land Experiments — Prioritization/Coordination (DRAFT)

Notes: All simalations
assume that land model i
run with progrestic

carbon cycle
N Tie . - Cootd/use Responsible . )
Experiment Name p Experiment Description Configuration  Years HEns CMIPS MIP with/by up Science questions, science purpose Comments Contact Cost
ather mips*'
Histarical land only simulation incudi ient land LumIP, GEWP3
LND_ALLFORCE_hist 1 | Histarical land anly Simulation including transient land |, p, 1B50-2014 1 Land only | CHMIP, © fssess systematic biases in land model Should be part of DECK Hyungiun Kim
- - coverfuie, CO2, ate LS TRENDY
. Higtarical land anly simulation with land we held at CAMIP, GEWRI, Asgeis land use changs impact on historic waler, energy, -
LD_RoLULLCC hise 1 1E50; Ao human Sethvity D 1850-2014 1|Wmp DEAT TRENDY carban flumes; Benchmark land model respanie te LULCC Requres LND_HIST Hyungjun Kim
LUmMIP,
IND ALLFORCE fut 3 r.JU-.IrL' land _unl'\l =|||1|_Jla(||:|n_ Torced with several IND 015-2100 7 LsMIE CAMIF, GEWP3, I5I- | Assess land _re:unn:r.-w climate change acress land models; | How rn.m_vdlma(r.- projections (¥ of ESM prajections, #
- - projected climate trajectories N MIP Impact fudies af seenariod)?
ScenarioMIP
50ar 100 _— . -
Idealized 15 or 3% D] lobal dat . ith &l weard + 50 Agsess coupled model response to land cover change in Starts fram ::"C:: point in :e-mdu:l;ulll:l:-:uul i D La
£PL_%DF 1 |Idealized 15 or 2% (TAD] global deforestation with all | gy weard at 1/ LUMIP LUCID? |idelized setting: Identify what amount of deforestation | = onaon OF S0+ years o that can also jook t Bl LAIMECE,
= ather forcings held canstant . N N N aguilibrium responie; compare Lo pre-industnisl WVictar Bravkin
global regquired to see signal relative Lo naise
wontrol
deforest
Almut Arneth,
Paired idealived timeslice control and deforestation . . . i . - . §
Lucac, Id=alized s o d 1o a toland | Specific TBD, based | £l k Mathalie d
LND_DF, ATM_DF, CPL_DF | 3 experiments for specific regions (tropical, bareal, IND, ATHI, CPL | 1380-2010 7 LUMIP SRS SEpEMmEN® CeSprerin AnEResponte in Bt |Spaccregion Fue on prelminany workin e
- - = Lucio cover change in specific regions Lucac MNoblet-
temperate?, TEO]
Ducaudre
Asgeis relative impact of land cover and incrementally more | Exact exgpts TBD, bat including grasscrop, wood
Factorial set of land anly experiments with increasingly i comprehensive land management change on land to harvest, pasture, crop, crop-irfigation, crog-irrigation- | Dawe Lawrenos,
LND_COVER/MANAGE 2 realistic treatment of land management LD 1850-2014 1| wnie ScanaricMIP | LUBIE atmicsphere Muxes of water, energy, and carbon; forced with | Tertilization; possibly could be extended to 2100 asin | George Hurtt
hiztorical observed climate LND_FUT
CPL_ALLFORCE_hist_conc 1 Standard all forcing historical simulation PL 1E50-2014 5+ DECK
CPL_ALLFORCE_hist_emis 1| All farcings historical emission driven PL 1850-2014 7 CAMIF? LUmMIP CAMIP
Sa CPL_ALLFORCE_hist bt with kand ¢ Ag i hysical i et of historic land ch
CPL_molULEC_kist_egme | 1 oot —SL_CanE Bl ikl Fand CEVET oo 1850-2014 3| WP D&A, CAMIP | LURAIP L HapEnRisalimpart ol RIstare g uss CRang a0 g puives CPL_ALLFORCE_hist_cant
= - = Fheld &t 1850, no hurman activity; clirrate and extremes - - =
Aases watal impact {biogeaphysical and biogeochemical) of
CPL RBLULCC hist efnis 2 Same as {PL_N.LFDR':E_"I:-L_.EMI} bt with land cover oL 1B50-2018 |2 LUMIP cANIP LUMIP historic land use :_haru;r; aIu_rLg WMI.UBIIed uun!.'unl.rdmn Reguires CFLALLFORCE hist_emis
= — = Feld &t 1850, no hurmdn activity runs, can asteds biogeophysical vi biogeochemical impact of - - =
land use change
SeenariohIP,
CPL_ALLFORCE_fut_emis | 1| Al farcing future scenarias, emissians driven oL 20152200 |7 CAMIP? LUI'\;TP'"D * | Camip
Depends an outcome of ScenariohtIP; which future
Additional land mitigation palicy scenarios for a Evaluate b futu inle tand trajectories for @ scenarios?; do far just one seenario with multiple
CPL landpolicy_fut_emis | 1 particular BF scenario, keep all GHG the same, only  €PL 20152100 7 LUMIP ScenarioMIP | LUMIP v 1‘?_ | :er; :"'a:':'“'_' I."' ': o "”;‘:';“ 'L'a" ensemble members?: Envision 3 land use trajectories
change land use; emissions drifven rund if possible perticular e gct climate regionally and glabally for a pacicular RF scenario |e.g., standard, hi
delareitatian, hi allorestation)
Same a5 CPL_ALLFORCE_fut except with land use held H fald b it — N
CPL_nolULCC_fut_emis 2 conmstant at 2015 levels; done far one or mone L 20152100 |7 LUMIP ScenarioMIPF | LUMIP Evaluate impact of projected land use change on climate W SN Trirman Ctivily SUch 8 Tire SURRPSER | yicar Brovkin

- - N B i gniti d hal b treated?
scenarnas?; emissions driven if possible FENFLISA, Wi ryest be Lre



What we learned (CMIP5+)?

Enabled first global model emission driven projections of both CO,
and climate including effects of spatial land-use changes

Land-use effects on global climate are generally modest relative to
FF, but still important

Land-use transitions are needed for accurately tracking land cover
change resulting from land-use change

Land-use effects are complex and challenging to diagnose

Different models implemented standardized land-use data sets
differently

Potentially important impacts, management practices, biophysical
effects, policy options, uncertainties, and feedbacks not adequately
accounted for in current design

Substantial opportunities exist to build on CMIP5 approach and
improve data and models for CMIP6



A
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Priorities for CMIP6 (Land Use)

Repeat and mature the LUH process (more data, more terms,
increased resolution, longer period, better communication)

Work to standardize products, and usage of products
Focus: links between LU change, LC change, C fluxes, Biophys.
New emphasis: LU management, policy relevance, uncertainty

New scenarios: Esp. SSPs and with added multi-objective
considerations

Expand RCP-RF definition to include biophysical
Joint harmonization of LU emissions and LU changes

Diagnose ESMs, IAMs, and IAVs to quantify effective data
requirements (resolution, precision, etc)

Prepare for fully coupled human-physical models

10. Consider LUMIP



LUH2 Land-cover Classes (Proposed)

 Based on widely used classification (IGBP)

* Add important crop functional types (CFTs)

ENL, EBL, DNL, DBL, and mixed forests
Closed and open Shrublands, savanna
Grassland, pasture

Urban

Croplands

C4

C3 perennial
C3 annual

N fixers

Rice

* Align with IAMs and ESMs

* Advance implementation

Table 1. Land cover types.

Kz=BF ElM3 LA LM
EML Fonest EML Forest Unmanaged foness® ENL Tree —temperate
sanaged fonest® ENL Tree -borea
£BL Forest £BL Forest £BL Tres —tropica
£BL Tres ~tempemate
DML Fornest DML Forest DML Tree —barneal
DEL Forest DEL Forest DEL Tres —troplca
DEL Tres —emperate
DEL Tress: =beoirea
_Minedirest  _ Miwedborests | _ _ _____ ___ fadprid el _ __
Chased shrukb Clased shrukb Shrub £BL shrub-temparate
Qpen shrub Open shrub DEL shrub—tempemate
‘Woody savanna ‘Woody savanna DEL shrub—=rea
Jfmaanna BMINE L L L L L e e D m o _
Erassland facture @rassland C3 arctic grass
Unmanaged pasbure C3 grass
__________________ Paswre SR L
wrtlands wrtlands undra 3 arciic grass
Urbam Urban Sock ice desert b
Croplandnatura Urtan ttled.prid cell]
Snowfioe opfwater oE
JBen oo BOFR_______
Croplands a7} Carn Temperate oom
toadder grassherh® Tropical conn
Sugar crops® Sugar cane
Otver grain®
Siomass®
__________________ Miserlaneousifothert
C3 perennia 2alm frult
latpogha
Wl
tucalyplus
e Segmreepst
C3 amnual Wheat Spring wheat
Otbver grain® Winter wheat
Sootftuber Sarley
Qil crops® Winter barkey
sodder grassherh® i
fiber crops*® Winter rye
Siomass® Cotton
__________________ Miscelanecusfother”  _ _ _ _ _ _ _ _ __
w-Fers padder kherb S
ek Sleast Irepicalsaykean | _
dke dize gee

» GCAM crop categories cannot absays be classified Into a single CLM or GLM FET. These will
se dsaggregated falwing the oroportion of each PFT within the GCAM categories in the
sxse year, and assuming & constant in the fufure. For example, sugar crops indude baoth
ougar cane (C4) and ket rogl (03] i known progartion inthe base year.

£ evergreen; Ot decikduous; ML needleleaf BL: broadleaf




LUH2 Management (Proposed)

* Focus on Largest Forcings
* Harvest
* Fertilizer
* |rrigation
* Tillage
e Biofuel/CCS
* Forest Plantations
* Pasture Mgt intensity

* Harmonize management forcings
with land-use/land-cover patterns

e Align with IAMs and ESMs

 Advance Implementation

300 120

Mha | —Irigated area TgNly
100

950 | —fertilizer use

80
200
60
40

20

1
L —

| I I I
1900 1920 1940 1960 1980 2000

Global irrigated area 1900-2000 (Freydank &
Siebert 2008) and global N fertilizer use 1900-
2010 (Smil 2001, IFA 2014).



CMIP5 Scheme (Land-use)

LAND-USE HISTORY

Reconstruction:
Agriculture
Wood harvest
Transitions

1500-2005 HARMONIZATION ESMs

Consistency Climate
C Stocks/Fluxes

Biophysical effects

Integration
LAND-USE FUTURE ‘ Gridding
IAM RCPs: 1500-2100
Population
Socioeconomic
Energy
Land-use

Gridded/RegionaI C L L L T L L L L L L L L L L L LY

2005-2100

Hurtt et al. (2009, 2011)



Issue: Subgrid data as default for CMIP

CLM tiling Gridcell
structure

Landunit

“;‘..'.“;ihr’- &
A

Veted

Column

Sun Wall Pervious

el EoL T B ,
, £/ HA , "
_...I V .:" -.Y.‘ PR {

PFTL PFT2 PFT3 PFT4 ... Crop2



Discussion (partial list)

Spatial resolution * Harvest frequency/timing
Temporal resolution e Pasture Land cover, Mgt
Time domain * Biofuel Map, PFT, Mgt, CCS, F
Updated history  Land-use/Fire interactions
Land cover details * Natural Disturbances

Management details
New future scenarios
Offline/online testing
Usage Standardization
Output Standardization
Support

Workflow

Other...



