I-GEM project - Preparation of the idealized WTD experiments (Task 1)
Started on Sept, 2014

December 1st, 2015

Main recent changes in red.

1. Schedule

The off-line simulations must be made available before the end of 2015 (SURFEX OK).
The on-line simulations must be made available before March 2016.

2. Main differences between ORCHIDEE, CLM, and SURFEX
	
	ORCHIDEE
	CLM
	SURFEX

	PFTs
	12 + bare soil
	16 + bare soil
	12 (including bare soil)

	Vegetation map
	Based on IGBP-DIS map

	Mainly based on MODIS dataset2.
	Based on ECOCLIMAP

	LAI
	Can be prescribed or computed by STOMATE
	Can be prescribed or computed by CN module
	Can be prescribed or computed by Ag-s

	Independent soil tiles in one grid-cell
	Yes (up to 3)
	No
	Yes, one independent soil for each PFTs

	Separate soil and aquifer domains
	No: one single column for unsaturated and saturated medium
	Yes: soil depth =3.4m (can be both sat or unsat), then conceptual aquifer
	Yes: unsaturated soil computed by ISBA and 2D aquifer computed by TRIP4

	Soil discretization
	Standard version: Soil depth = 2 m, with 11 layers of increasing depth;  can be changed with any kind of depth and any (sufficiently high) number of layers
	Depth =3.4 m, with 10 layers of increasing depth
	14 soil layers3 are used for thermal depth = 12m. Over the same grid, hydrological soil depth can reach 1 to 12m depending on PFTs and potential permafrost areas

	Soil hydraulic properties
	Van-Genuchten Mualem
	Brooks and Corey
	Brooks and Corey

	Soil texture
	From Zobler; USDA classes also possible
	The IGBP soil dataset (Global Soil Data Task 2000) of 4931 soil mapping units with sand and clay content for each soil layer 
	HWSD soil database using sand, clay and organic carbon content.

	Specific yield
	Since we describe a soil column, WTD depends directly on soil porosity
	S=0.2 for the aquifer, and when the WTD is within the soil layer, S is determined by the volume of air pores
	In unsaturated soil (ISBA), field capacity is equivalent to water potential at 0.33 bar. In aquifer system (TRIP), specific yield varies according to the lithology from Dürr et al. (2005)

	Surface runoff
	Only Hortonian
	Mostly Dunne (TOPMODEL)
	Horton + Dunne runoff (TOPMODEL)

	Subsurface runoff
	Vertical drainage (gravitational by default)
	Horizontal baseflow (TOPMODEL)
	Vertical and

sub-grid lateral drainage3


3. How to sustain a constant WTD against recharge or capillary rise? 

This either requires an output or an output flux from the saturated zone. This flux will break mass conservation, as it is virtual. To quantify by how much mass conservation is violated, we want to diagnose this adjustment flux (Qforce). We define this flux with respect to the hydrological configuration of Ref:

· if the recharge is positive, and would induce a WT rise, Qforce adds to gravitational drainage/baseflow to artificially lower the WTD

· if the recharge is negative (capillary rise), Qforce is negative (input flux to the saturated zone), and larger in absolute value than gravitational drainage/baseflow to artificially sustain the WTD
It is optional to output this flux in a separate variable Qforce, but is is mandatory to add it to the drainage Qsb, to be able to check the water budgets.
We keep gravitational drainage when enforcing saturation, contrarily to Campoy et al. (2013). It will help preventing the effective WTD to rise above the forced depth.
4. Preparation of the experiment 

The on-line experiments (LSM+atmosphere) will rely on the AMIP protocol to reduce the differences between models. They will be prepared by off-line runs with the LSMs, all using the same meteorological forcing.

Choices for all simulations:

· 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. 

· We’ll use the CMIP5 land use annual maps (see AMIP simulations below), with a dynamic phenology (STOMATE in ORCHIDEE, C/N cycles in CLM). 
· With routing (even in the non realistic cases with forced WTD), 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).
· OK for prescribing a WTD in all land points, thus including mountainous and desert areas (but excluding Greenland and Antarctica if the LSM does not apply there).
The idealized experiment (Task 1):

· Tested WTD: 1, 2, 3, 5, 8, 10 m, which calls for an underground column of at least 10 m. 
· Mandatory off-line and on-line simulations: 1 REF + prescribed WTD at 1, 2, 5 and 10 m 
· We also need reference simulations with no prescribed WTD, using the selected underground thickness for the above simulations. Two options will be tested off-line, and we’ll use the results to define the best reference simulation for the on-line runs:
· with gravitational drainage (ORCHIDEE, SURFEX?) and TOPMODEL baseflow (CLM)
· and with no drainage/baseflow to reduce the sources of difference
· Complementary simulations will be performed off-line with WTDs at 0.5m, 0.1m, 50m, in which case a comparable reference simulation is required (with an underground thickness of at least 50 m) + optional simulations where forced WTD in only 25% of each grid-cell. 
AMIP on-line simulations:

· This protocol is part of the CMIP5 one, and normally standard to the three groups.

· In the CMIP5 design (http://cmip-pcmdi.llnl.gov/cmip5/docs/Taylor_CMIP5_design.pdf), we find:

· Period : 1979 to at least 2008 (30 years or more)

· Everything follows the CMIP5 protocol for OA coupled runs, but for SST and sea ice, which are forced.

· The required forcing are : http://cmip-pcmdi.llnl.gov/cmip5/forcing.html
· In this framework, solar forcing, GES and aerosols, land-use, SST, and sea-ice, exhibit an interannual variability.

· The land-use map is forced at an annual time step, all the groups use the same land use maps, but they interpret them their own way using their PFTs. Phenology and the carbon cycle are simulated in CMIP5 and CMIP5-AMIP simulations. 

· The spinup shall not be forgotten, cf. off-line simulations

· Resolution: 

· LMDZOR: 144x142 (2.5°x1.3°), 39 vertical levels, “standard” physics (LMDZ5A)
· CESM: 1.9°x2.5°, 30 vertical levels

· CNRM-CM: T127 (1.5°x1.5°) with 91 vertical levels, if the CMIP6
· Link with CMIP6 preparation:

· LMDZ will be close to the first “low-resolution” version prepared for CMIP6, apart from the atmospheric physics (no stochastic triggering of convection)
· CNRM-CM will likely follow the first standard version for CMIP6

· CESM will not include the latest choices for CMIP6
Off-line simulations:

· Same meteorological forcing (Princeton, by Sheffield et al., at 1° resolution, 3-hourly, 1979-2010). The simulations will be performed over 1979-2010, plus whatever spin-up is needed to achieve equilibrium (criteria based on the ALMIP2 ones?). The runs will be performed at the 1° resolution. 

· The Princeton Global forcing (PGF) has been updated in January 2015, and we will use this new version. It can be downloaded from http://hydrology.princeton.edu/data.pgf.php
(after completion of a small questionnaire). More precisely, we will use 

http://hydrology.princeton.edu/data/pgf/1.0deg/3hourly/ (dated 11-Feb-2015) 
· Each group chooses its land mask, which results in very different ones: the comparison will be restricted to the common land points.

· The forcing uses CRU data for bias-correction, but Bertrand developed an alternative bias-correction based on GPCC for precipitation. NTU provides a FTP site for the 3 groups to upload/download the model simulations. The storage is about 20~30 TB: 
· The IP address of this FTP site is 140.112.66.75
· Login/password are given in Min-Hui’s email dated March, 7, 2015
· The directory in which we log in is /raid3/
· Please use /raid3/igem as upload space; this is where the GPCC-corrected precipitation forcing is available
· Warning, the default temperature controlling the rainfall/snowfall partitioning is different among models: ORCHIDEE and SURFEX use a 1°C threshold at the 3-hourly time step, while CLM uses a 0°C threshold at the model’s time step (with linear fraction…?)
· A file for one variable and one year is 725 Mo, which leads to 158 Go for the full forcing.

Specificities/questions for ORCHIDEE:

· Off-line:
· The nb of layer depends on the soil depth, which depends on the experiments: we have a geometric distribution of the top7 nodes/layers; the deepest layers all have a constant depth of 12.5 cm.

· Ref2 : 2-meter soil, 22 layers, gravitational drainage

· Ref10: 10-meter soil, 86 layers, gravitational drainage

· WTD1, WTD2, WTD3, WTD5, WTD8, WTD10 + WTD0.5: with forced WTD, keeping gravitational drainage; the soil depth is equal to the WTD for all simulations with WTD>2m.
· We will also test case in which WTD is only prescribed over a fraction of the grid-cells, starting off-line, to get insight regarding our new GW parameterization. This will be done by duplicating each soil tile into two, one with gravitational drainage, and one with prescribed WTD. The fraction with WTD should be either ¼=25% or 1/16, so that it is possible to get a comparable result by downscaling the 1°x1° simulations (with only 1 over 4 or 16 cells in a 1°x1° square with a prescribed WTD)

· On-line: 144x142x39 (2.5°x1.3°). 

· Soil texture map based on the 12 USDA classes (Reynolds et al., 2000)

· A version with improved relationships between SM and soil thermal properties has recently been proposed (Fuxing Wang, JL Dufresne, F Cheruy): we don’t use it here, and keep a separate vertical discretization for water and heat. 
Specificities for CLM:
· Reference will be gravity drainage only and no fluxes at all (to be checked for the last one)

· Min-Hui will also try to mimic the experiment of WTD prescription over a fraction of the grid-cells or just it can just be run at finer resolutions and only prescribe the WTD at some grid points only.
Specificities for SURFEX:

· Soil/Root depth varies according to PFTs and WTD can be prescribed at any depth without changing the Soil/Root depth by using equation 6 of Vergnes et al. (2014)

· If we understand, sensitivity experiments must be done by imposing a soil depth of 2, 10 or 50m. Normally, the best simulation will be with 2m depth because generally a too deep soil imply a poor simulation of river discharges (Decharme et al., 2013) and thus of evaporation. So we can discuss how the simulations will be done with SURFEX: changing soil depth like in ORCHIDEE or simply impose a WTD without changing soil depth? 

· OK for a 2 m soil depth, and an “external” WTD 
· It’s possible to prescribe a WTD in the soil
5. Output:

· The output will use nc files (netcdf3 at IPSL and NTU for the moment).
· The variables to output for off-line and on-line simulations are defined in the accompanying file: output_vf.xls; we add TWS as an output (no 300-km filtering at ouput; this will be done during post-processing)
· For both off-line and on-line simulations, we agreed to output one nc file per variable, covering the entire time period (“timeseries”). 
· Exchanges and storage: once the output is defined in terms of variables, frequency and spatial resolution, we will estimate the size of the output to store and exchange. NTU will provide a FTP site for the 3 groups to upload/download the model simulations. The storage is about 20~30 TB, so I should be enough. Agnès is also trying to get storage and ftp access from the IPSL services (climserv or ciclad). No download access is possible from CNRM (Bertrand can only upload files somewhere else). 
File names:
· 1st prefix to distinguish between the different groups and off/on-line runs: I/T/C (IPSL, Taiwan, CNRM), F/A (forced, amip):

· ORCHIDEE off-line will start with “IF”

· CLM online with start with “TA”

· 2nd prefix to define the nature of the run, using a short string, cf. ORCHIDEE off-line, but with no capital letters: ref (with the standard groundwater flow, and a 10 m minimum underground thickness), refxx (xx is the underground thickness if different from the reference), refyy (yy to precise alternative references, e.g. d0) , wtd01, …, wtd10 (for standard prescribed WTD runs), wtd1f04 or wtd1f16 (for fractional prescribed WTD over ¼ or 1/16 of a grid-cell), wtd0.5 for a forced WTD at 0.5m 

· 3rd prefix to define the frequency of the output: either “_1M_” or “_6H_”, 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 reference simulation, off-line, with ORCHIDEE, latent heat flux at the monthly frequency: “IFref_1M_Qle.nc”
6. Preparation of observations for the references:

For the off-line simulations:
· Ts: AVHRR, with a link to Fisher's ET; MODIS

· GRACE

· DAI’s runoff data

· GRDC’s data

· ET products: Jung3, or Fisher4, or GLEAM5, or ALEXI6, or NTSG7, or LandFlux-EVAL8, which is combination of many datasets
For the on-line simulations:

· The above ones

· T2m to be completed by Frédérique (CRU +??)

· Precip: CRU, GPCP, GPCC

· For the clouds, to be completed by Frédérique

7. Regarding the climate change time-slice simulations for WP2 to WP4

CMIP5 summary: in Table 2 below in color, from page 12 in the CMIP5 design (http://cmip-pcmdi.llnl.gov/cmip5/docs/Taylor_CMIP5_design.pdf). The future time-slices rely on the RCP4.5 SSTs between 2026 and 2035.

Experiments of Aurélien Campoy:

In his PhD, he used historical time-slice simulations based on the climatological mean of the seasonally varying SST, sea-ice, and vegetation (the latter is not completely clear from the PhD ms alone). The goal was to explore the role of the soil hydrology scheme (2-layer bucket = ORC2; 11-layer Richards-based soil diffusion = ORC11) in the IPSL climate projections. We compared several idealized 2xCO2 experiments, with the standard physics (LMDZ5A) and a 96x95x39 discretization. Each experiment consists of two 30-year « climatological » simulations, both with the vegetation map and aerosols from year 1998, but with different CO2 concentrations and SSTs (Table 1a). The various experiments differ by their soil hydrology scheme: C2 (ORC2 with a 2m-soil), C4 (ORC2 with a 4m soil, as in CMIP5 simulations), C11 (ORC11 with a 2m soil). On average over the continents, in both past and future climate, we find a clear increase in evaporation from C2 to C4 to C11, which induces a precipitation increase (evaporation recycling) and a cooling of the lower atmospheric levels (Table 1b). A classification in 6 climatic zones has been performed for a finer analysis. This confirms the sensitivity of the simulated climate to the soil hydrology schemes, but it did not allow us to demonstrate a coherent impact of the soil hydrology scheme on the climate sensitivity, even in the « temperate humid » zone where the warm bias of the CMIP5 models seem related to the evaporative fraction. 

	
	REF98
	2xCO2

	CO2 concentrations
	365 ppm
	730 ppm

	SSTs
	Interannual mean of 1988-2007 AMIP maps 
	Interannual mean of 1988-2007 AMIP maps + SST anomaly after 70 years of +1 %CO2 /yr, leading to double CO2  concentration


Table 1a. Differences between the reference and 2xCO2 simulations.

	
	REF98
	2xCO2

	
	C2
	C4
	C11
	C2
	C4
	C11

	Evaporation (mm/d)
	1,27
	1,37
	1,54
	1,17
	1,27
	1,47

	Precipitation (mm/d)
	2,19
	2,28
	2,44
	2,17
	2,25
	2,42

	Runoff (mm/d)
	0,92
	0,93
	0,90
	0,98
	1,00
	0,95

	Air temperature (°C)
	14,02
	13,98
	13,14
	16,98
	17
	16,07

	ΔTa (°C)
	
	
	
	+2,96
	+3,02
	+2,96

	ΔP (mm/d)
	
	
	
	+0,02
	-0,03
	-0,02


Table 1b. Main differences between the performed experiments, on average over all the continents (excluding Antartica and Greenland), and over the 30 years of simulation.
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