I-GEM project - Preparation of the simulations with dynamic WTD (Tasks 2-3)
18 December 2018 – Final version 

Updated Jan 9, 2019 for high-frequency output
This protocol stems from a series of meetings in Fall 2018: Agnès & MH in Taipei, Sept; all French scientists in Toulouse, LandMIP Meeting; IGEM videoconf on October 18 and December 7, 2018.
1. Overview
Simulations
Two transient land+atmosphere simulations, one with GW (as below) and the other one without GW. Each transient simulation is made of the concatenation of:
· One AMIP simulation, historical over 1979-2014 (NB: there might be a pb with Dec 2014 until we have the SST/SIC files for the following years from CNRM)
· One “FutureAMIP” simulation from 2015 to 2100, corresponding to a CMIP6 radiative forcing, namely SSP5-8.5 (very close du RCP8.5 under CMIP5). This is the most severe SSP, and it is chosen to get a strong climate change signal at the end of the 21st century. The required SST/SIC files will be provided by CNRM, see further information below. 

The advantages of continuous simulations from 1979 to 2100 are twofold:

· No initialization problem for the future

· Richer information 

Objectives
1. AMIP period: compare GW and NO-GW to observations to see if GW improves some parameters (land + atmosphere variables)

2. FutureAMIP vs AMIP: compare GW and NO-GW to see if GW changes the manifestation of climate change; it might to compare GW and NO-GW from the FUTURE simulations, to see if the future states are different (GW cooler and wetter over land? Less extreme events?)

Models
· CESM with CLM4 and 1D GW component (Oleson et al., 2010); no subgrid variability, the WT interacts with the full land fraction in grid-cell

· CNRM-CM6 with ISBA-TRIP and 2D GW scheme from Vergnes et al. (2014); impact on soil moisture in a fraction of grid-cells

· IPSL-CM6 with a 1D GW parametrization still in progress (water conservation pbs solved, parameters to be defined); impact on soil moisture in a fraction of grid-cells

2. Choices for all models
As for T1, the land-atmosphere simulations will rely on the AMIP protocol to reduce the differences between models, but we switch to the CMIP6 protocol (mostly identical to CMIP5 for land-atmosphere simulations).
AMIP on-line simulations

· The CMIP6 protocol is essentially the same as the CMIP5 one used for T1 simulations, but over 1979-2014. The specificities of the required boundary conditions for the AMIP and FutureAMIP period are detailed below (section 3).

· In particular, contrarily to the classical AMIP protocol, we propose to keep a constant land-cover throughout the entire period (1979-2100) so the climate change signal is simple, and the possible attenuation of warming by GW does not involve feedbacks via land-cover change. 
· The spin-up (to initialize the models in 1979) shall not be forgotten, but let to the groups’ expertise

Common options for the LSMs:
· Each group will use its standard soil texture map, and the corresponding soil hydraulic parameters. The alternative (same texture worldwide, based on the Loam USDA texture; make sure all models use the same Ks, porosity, and ψs or 1/α) has been ruled out.

· No irrigation (there does not seem to be aby irrigation forcing in the CMIP5 LU forcing), no DGVM. 

· Unique land cover map for the entire period (CNRM: ECOCLIMAP2; IPSL: the map of 2000 in ISPL-CM6 maps based on LUHv2; CESM: 2000 map). 
· Dynamic phenology for all models (STOMATE in ORCHIDEE, C/N cycles in CLM, dynamic pheno in SURFEX = ISBA-Ags?). 
· With routing, to compare our results to river discharge data. In ORCHIDEE, we will deactivate the floodplain option for simplicity (no return flow from the rivers to the soil, but poorer hydrographs).
Differences between the models:
· The GW will not necessarily be active over all land points: everywhere with the same soil and aquifer depth and Sy for CESM; only in the main aquifers for CNRM-CM; almost everywhere but with a different coupled (wetland) fraction in IPSL-CM.
· Resolution and version of the atmospheric model:

· LMDZORv6.1.5: 144x142 (2.5°x1.3°) + 79 vertical levels + CMIP6 physics (with stochastic triggering of convection by default)

· CNRM-CM6: T127 (1.5°x1.5°) with 91 vertical levels 

· CESM: 1.9°x2.5°, 30 vertical levels: not the same version as run at NCAR for CMIP6. 
3. Boundary conditions
AMIP period (1979-2014): 

· Interannually varying BC files from AMIP for SST, SIC (sea-ice constant), GHGs and aerosols, solar forcing

· But constant LC! 

Future-AMIP period (2015-2100)
· Same LC as over the historical period!

· GHGs, aerosols, and solar forcing must be taken from SSP5-RCP8.5 (cf. ScenarioMIP, O’Neill et al., 2016)

· SST and SIC will be provided by CNRM based on two transient simulations with their coupled ocean-atmosphere model: one historical and one 21st century simulation under SSP5-RCP8.5. Jeanne and Bertrand will use the resulting SST and SIC output and the observed values of the historical period to produce SST and SIC boundary files for 2015-2100 pursuing the historical AMIP SST and SIC boundary files in a “seamless” way, owing to simple bias-correction techniques (delta).
· These files will be produced at the resolution of the CNTM-CM6 model (T127 ( 1.5°x1.5°), with fill cover over the planet.
· IPSL and NTU will regrid these files to their models resolution.
4. Output
As for T1 simulations:

· The output will use nc files. 
· One nc file per variable, covering the entire time period (“timeseries” of 122 yrs). 
· The variables to output for off-line and on-line simulations are listed in a complementary xls file, (output_vars_updatedT2T3_vf181218.xls) inspired by the variable selection done for T1. The names of the variables, however, are switched to CMOR names (incl. for land surface variables, which is a new feature of CMIP6). Besides, extra variables related to groundwater are added (gw, dgw, qgw, fwtd), and the groups are welcome to add their own variables if they think it can help the analysis (at monthly frequency).
· As in T1, the main proposed output frequency is monthly, but with 3-hourly output for some variables related to convection and the energy budget (to follow CMIP6). It is also proposed to export tas, tasmin and tasmax at the daily frequency to facilitate the analysis of the impact of GW on heatwaves.
Storage:

· As for T1, NTU provides the FTP site for the 3 groups to upload/download the model simulations. The storage is about 50 TB, so it should be enough. 
· ftp://igem@140.112.66.75/igem with one directory per group (same password as for T1)
File names (inspired from T1):
· 1st prefix to distinguish between the different groups and off/on-line runs: I/T/C (IPSL, Taiwan, CNRM) pasted with AS (amip scenario):

· IPSL-CM will start with “IAS”

· CNRM-CM will start with “CAS”

· 2nd prefix to define the nature of the run, using a short string, but with no capital letters: nogw (without any GW), gw (dynamical GW) 

· 3rd prefix to define the frequency of the output: either “_1M_” or “_1D_” or “_3H_”, or “_CT_” for constant vars
· 4th prefix to define the variable, we should follow the names defined on output_vf.xls (to be agreed on for the online atmospheric vars) 

· Tentative example filename for the GW simulation by CESM, latent heat flux at the monthly frequency: “TASgw_1M_Qle.nc”
5. Timeline

The objective is to present these simulations at the IGEM workshop (March 18-20, 2019, in Taipei).

To this end, CNRM will prepare the Future-AMIP SST and SIC files for January 2019, and sooner if possible.

Agnes will update the variable names before the end of November 2018.

An update meeting will be organized in December 2018 (Dec 7).
6. Possible difficulties
· The GW parameterization for IPSL is not fully ready (conservation issues solved on Sept 25, 2018; runs globally; the parameters are not well defined, but we will run the simulation with the best version we have in January 2019)

· The comparison of T1 simulations is still not published…
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