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FaIR-Excelv2.0.0-alpha
[bookmark: _GoBack]This file contains documentation of the Excel version of the FaIRv2.0.0-alpha simple climate model, and instructions to help you get started with running it. This document is divided into three sections:
1. Running the model – how to configure and run the model itself
2. Analysing the output – how FaIR-Excel output is displayed by default
3. Datasets used – a description of all the exogenous datasets supplied alongside FaIR-Excel
Worksheet colour coding
In FaIR-Excel, the worksheet tabs are coded in the following way:
· Output tabs are in white
· Model configuration tabs are in yellow
· User-supplied data tabs are in green
· Calculation tabs (unhidden) are in blue
There are also a number of hidden tabs used for data transformation, calculation etc. To unhide any worksheet, right-click on any worksheet tab, click “unhide” and select the sheet you wish to view.
Running the model:
Running the model can be separated into two steps:
1. Setting the model configuration
2. Supplying exogenous emission / concentration & forcing data (if applicable)
Setting the model configuration
On the model configuration sheet there are several options:
Runmode:
Choose how the model is run through the concentration driven value. If 0, the model will use the baseline and supplied emissions. If 1, the model will use baseline and supplied concentrations.
Baseline scenario:
Choose which scenario to use as a baseline. If no exogenous emissions (or concentrations) are provided through the “emms_in” and “forc_in” sheets, then this simply sets the model to run whichever scenario is chosen. If you want to run your own scenario independently of any baseline, set this to “None”, which changes the model baseline scenario to zero.
Selected agents:
Choose which agents (GHGs and aerosols) to include in the model run. 1 = included, 0 = excluded. The calculation sheets will dynamically adjust to the selected agents.
Selected indirect forcings:
Choose which indirect forcings (eg. Stratospheric and tropospheric ozone) to include in the model run. Note that if an agent is excluded in the “Selected agents” config, any impact it may have on any of the selected indirect forcings will also be excluded (it is not possible to simulate an indirect effect without the direct effect). 1 = included, 0 = excluded. The calculation sheets will dynamically adjust to the selected agents.
External forcings:
Choose which (if any) forcings to add in from the RCMIP protocol dataset. For example, if you don’t want the model to compute aerosol forcing internally, but still want to include it, you can exclude the relevant agents (as described above), then add it in as an external forcing. 1 = included, 0 = excluded. FaIR-Excel cannot (currently) model land-use change forcing or natural forcings, so these must be selected for a “complete” simulation. Care must be taken not to double-count these external forcings (eg. don’t select both Anthropogenic|Aerosols and Anthropogenic|Aerosols|Aerosols-radiation Interactions) as this will double-count the ERFari.
Setting model parameters
The “gas_params” and “response_params” worksheets are where the model takes parameter values from. 
The gas cycle and forcing parameters are set in the table within the “gas_params” worksheet. This table is linked to a csv containing the default parameters described in Leach et al., 2020 paper. To change any of these parameters, simply edit the value in this table. To revert back to the default parameters hit “Refresh” under the “Query” tab when a cell within the table is selected. For a complete description and discussion of all parameters see Leach et al., 2020.
The thermal response parameters and semi-empirical sea level rise (SESLR) model parameters are set in the “response_params” worksheet. The thermal response model is a 3-box impulse response model: the “d” parameters are the response timescales, and the “q” parameters are the coefficients. The default parameters are based on combining inference from CMIP6 tunings with the results of the large constrained FaIR ensemble. The SESLR model is from Kopp et al., 2016.
Supplying exogenous emissions and forcings
Emissions can be supplied for all selected agents in the “emms_in” sheet. Any emissions provided here will be added on top of any baseline scenario. If you want to simulate the model response to any supplied emissions alone, set the baseline scenario to “None”.
Once the model is configured as desired, hit “calculate now” in the Formulas tab (or use the keyboard shortcut, F2)
Analysing the output
Output charts are provided in the “reporting” tab of the workbook. If you are looking for something specific, or want to compare across scenarios, then you won’t need this and will need to look directly at the model output in the variable worksheets. However, if you just want to view the model output as easily as possible in Excel, this worksheet is set up to allow you to do so.
7 charts are provided: 4 that show information for a specific (user defined) agent, one for comparing ERF sources, one that displays the model temperature output and one that displays the simulated sea level rise using the Kopp et al. (2016) SESLR model.
There are 6 user-defined options (the 6 rows under the “Output options” title. Here you can set the agent displayed, set the baseline period for the temperature chart (and model diagnostics below), set the chart x-axis range, and choose which (of 5) observational temperature dataset to plot on the temperature chart.
To compare different sources of ERF on the comparison chart use the Excel chart filter button that appears when the chart is selected.
In addition to the charts, a table of model diagnostics and key results is provided below the output options. 
Important Notes
FaIR-Excel is SLOW (especially compared to the python version). How slow depends on the changes you make to the sheet before calculation, but calculation time is often around 10s. The most expensive operations are those that retrieve the emission/concentration data – switching the selected baseline scenario is expensive for the model, while adding user defined emissions to an already loaded scenario much less so. For large ensembles / multiple scenario analysis it is highly advisable to use the (fully supported) python version.
There are almost certainly bugs in the model. I definitely haven’t tested every single combination of model configurations / outputting options so if you do find something that breaks, please let me know and I’ll do my best to fix it! 
This version of the model was built in Excel 365, and it’s highly likely there are formulas in there that will break in earlier versions of Excel. Similar to the above, if you find things break in your version of Excel, please let me know and I’ll see if it’s easily fixable (though I can’t promise to be able to fix every issue with previous Excel versions).
Dataset descriptions
	Emissions (hidden sheet “rcmip_emms_data”)
	RCMIP Protocol (relative to 1750), historical CO2 (to 2014) from GCP

	Concentrations (hidden sheet “rcmip_conc_data”)
	RCMIP Protocol

	ERF (hidden sheet “rcmip_forc_data”)
	RCMIP Protocol

	Observed temperatures (hidden sheet “obsv_data”)
	HadCRUT4, GISTEMP, Cowtan Way, NOAA, Berkeley Earth

	Observed sea level rise (hidden sheet “obsv_data”)
	Frederikse et al., 2020



Links to references and dataset sources
	FaIRv2.0.0-alpha description
	https://gmd.copernicus.org/preprints/gmd-2020-390/

	RCMIP Protocol
	https://doi.org/10.5194/gmd-2019-375

	SESLR model
	https://doi.org/10.1073/pnas.1517056113

	HadCRUT4
	https://doi.org/10.1029/2011JD017187

	GISTEMP
	https://doi.org/10.1029/2018JD029522

	Cowtan Way
	https://doi.org/10.1002/qj.2297

	NOAA
	https://doi.org/10.1175/BAMS-D-11-00241.1

	Berkeley Earth
	http://dx.doi.org/10.4172/2327-4581.1000101

	Frederikse et al., 2020
	https://doi.org/10.1038/s41586-020-2591-3



