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Pathfinder

Manual

Run a simulation

Basic instructions to run a simulation with xarray from the main folder:

1. open python in a terminal, import numpy and xarray:

import numpy as np
import xarray as xr

2. import the model from one of the mod_ files in core_fct , for instance the emission-
driven mode:

from core_fct.mod_Edriven import PF_Edriven as PF

3. create or load parameters ( Par ), for instance the saved posterior parameters:

Par = xr.open_dataset('internal_data/pyMC_calib/Par_vl.nc"').load()

4. create or load an initial state ( Ini ), for instance the end of the posterior historical
simulation averaged over 11 years: (Note: this is optional, without a specific initial state,
the model will assume it starts from the end of the preindustrial era in 1750.)

Ini = xr.open_dataset('internal _data/pyMC_calib/Var_vil.nc")
yr_ini = int(Ini.year.isel(year=slice(-11, None)).mean('year'))
Ini = Ini.isel(year=slice(-11, None)).mean('year")

5. create or load some forcings ( For ), for instance one experiment that keeps forcings
constant and another that relaxes them:

For = xr.merge([Ini[var] for var in ['Eco2', 'ERFx']])
years = xr.DataArray(yr_ini + np.arange(100), coords={'year': yr_ini + np.arange(100)
For = @*years + xr.DataArray([1l., 0.], coords={'exp': ['const', 'relax']}, dims=['exp

6. run the model by calling the run_xarray method (turn on get_var2 to save more
output variables):
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Out = PF.run_xarray(Par, For, Ini, get_Var2=True)

7. display results with whatever package you prefer, for instance matplotlib:

import matplotlib.pyplot as plt
plt.figure()
for n, var in enumerate(['T', 'C02']):
plt.subplot(1l, 2, n+l1)
for exp in Out.exp.values:
plt.plot(Out.year, Out[var].sel(exp=exp).mean('config'), label=exp)
plt.legend(loc=0)
plt.show()

Check the run_scripts/run_diagnostics.py file for more complex examples!

Code structure
The main folder contains the following subfolders:

Folder Content

core classes ( c1s_ ), functions ( fct_ ) and objects ( mod_ ) that

SRl constitute Pathfinder

input_data input data used either for calibration or to run Pathfinder
internal_data internally generated data, notably during calibration
results output data, normally empty in the open-source version

scripts used to execute calibration and diagnostic (and possibly

run_scripts
more)

The core_fct subfolder contains the following files:

File Content

cls_calib pymc3 subclasses for use during calibration
cls_model specific class used to wrap models and solve them
fct_ancillary compilation of ancillary functions

fct_calib main functions used for the Bayesian calibration

functions setting the default (i.e. prior) values of parameters,
fct_default . .
forcings and constraints
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File Content

fct_load functions loading and formatting input_data

fct_param functions doing the OLS calibration of the prior parameters
fct_traj functions to generate future trajectories of T and co2

Pathfinder model in concentration-driven mode with only the
mod_Cdriven_bgc . .
biogeochemical effect of CO2

Pathfinder model in concentration-driven mode with only the

mod_Cdriven rad L
- - radiative effect of CO2

mod_Cdriven Pathfinder model in concentration-driven mode

mod_Edriven Pathfinder model in emission-driven mode

mod_OBSdriven Pathfinder model in observation-driven mode (used for calibration)
mod_Tdriven Pathfinder model in temperature-driven mode

The input_data subfolder contains the following data folders: (Note that data was kept as
close to the original format as possible. Sources are detailed in the core functions that call the
files.)

Folder Content

AR5 Data from the IPCC 5th report

AR6 Data from the IPCC 6th report

CMIPS Outputs of the CMIP5 models compiled for Pathfinder
CMIP6 Outputs of the CMIP6 models compiled for Pathfinder

Edwards_2021 Data from Edwards et al. (2021) for the SLR module

GCB Data from the Global Carbon Budget

obs_C02 Observations of atmospheric CO2

obs_T Observations of global mean surface temperature

RCPs RCP scenarios

SSPs SSP scenarios

TRENDYV7 Outputs of the TRENDYv7 models compiled for Pathfinder

The internal_data subfolder contains the following folders:
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Folder

prior_calib

pyMC_calib

2022-09-30

Content

Results of the OLS calibration for the prior parameters (for faster

loading, can be re-calculated on the fly)

Results of the Bayesian calibration, including historical simulations

The run_scripts subfolder contains the following files:

File

get_best guess

plot_calib_check

run_calib_and _hist

run_diagnostics

Notations

Content

script to extract best-guess configuration after calibration

script to display results of the Bayesian calibration

script to run the Bayesian calibration

script to run idealized and scenario experiments for model

evaluation

Forcings and Variables

In

In code

manual

R

Ty

logit(ft)

(]bhc

RFco2

ERFx

ERF

Td

logit_ff

OHC

Description

CO2 (effective) radiative forcing

Non-CO?2 effective radiative
forcing

Effective radiative forcing

Global surface temperature
anomaly

Deep ocean temperature
anomaly

Logit of the climate feedback

factor (for calib.)

Ocean heat content (anomaly)
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Units  Prog?

W m~
2

W m~
2

W m~
2

K yes

K yes

W yr

Dims
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manual

H, thx

ffgm

ffgm

115$§nm

}yéb

fﬂot

Co

Cua

Cdic
Pdic

pco2

Focean

Fnpp

I'fire

In code

Hthx

Hgla

Hgis

Hais_ smb

Hais

Htot

Hlia

Co_j

Co

cd

dic

pdic

pCO2

Focean

r_npp

r_fire

2022-09-30

Description

Thermosteric sea level rise

Glaciers' contribution to sea
level rise

Grenland ice sheet's
contribution to sea level rise

Surface mass balance
component of Hais

Antartica ice sheet's
contribution to sea level rise

Total sea level rise

Sea level rise from relaxation
after LIA between 1900 and
2005 (for calib.)

Change in surface ocean carbon
subpools

Change in surface ocean carbon
pool

Change in deep ocean carbon
pool

Change in surface DIC

Subcomponent of pco2

CO2 partial pressure at the
ocean surface

Ocean carbon sink

Relative change in NPP

Relative change in wildfire
intensity
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Units

mm

mm

mm

mm

mm

PgC

PgC

Prog?  Dims

yes
yes
yes
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manual

V'rh

«Ehmv

F mort

Erhl

AFba%

Ermn3

}aand

th

C&l

(kZ

C&3
Cs

In code

r_rh

NPP

Efire

Eharv

Fmort

RH1

Fstab

RH2

Fpass

RH3

Fland

RH

Cv

Csl

Cs2

Cs3

Cs

2022-09-30

Description

Relative change in heterotrophic

respiration rate

Net primary productivity

Emissions from wildfire

Emissions from harvest and
grazing

Mortality flux

Litter heterotrophic respiration

Stabilization flux

Active soil heterotrophic
respiration

Passivization flux

Passive soil heterotrophic
respiration

Land carbon sink

Heterotrophic respiration

Vegetation carbon pool
Litter carbon pool
Active soil carbon pool
Passive soil carbon pool

Total soil carbon pool
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Units

PgC
yr
PgC
yr
PgC
yr
PgC
yr
PgC
yr
PgC
yr
PgC
yr
PgC
yr
PgC
yr
PgC
yr
PgC
yr
PgC
PgC
PgC
PgC

PgC

Prog?

yes

yes

yes

yes
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In
manual

I'rt

Cth,j

(jﬁ

Ecoz

C

pH
Parameters

In |
manual

¢
T2><

OF

€heat

*
T2><

Oohc

In code

abar

Epf

Cth_j

Cfr

Eco2

co2

pH

n code

phi

T2x

THs

THd

th

eheat

T2x0

aOHC

2022-09-30

Description Units

Relative change in permafrost
respiration rate

Theoretical thawed fraction 1
Actual thawed fraction 1
PgC
Emissions from permafrost 9_1
yr
Thawed permafrost carbon
PgC
subpools
Frozen permafrost carbon pool PgC
: - PgC
Anthropogenic CO2 emissions -
y

Atmospheric CO2 concentration ppm

Surface ocean pH 1

Description

Radiative parameter of CO2

Equilibrium climate sensitivity

Heat capacity of the surface

Heat capacity of the deep ocean

Heat exchange coefficient

Deep ocean heat uptake efficacy

Minimal value of the ECS distribution
(for calib.)

Fraction of energy warming the ocean
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Prog?

yes

yes

yes

Units

Dims

jE€
[1,31

Dims
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manual

Athx
A gla

f\gb

1—‘glal

Iﬂgla3

Tgla

Vela

/lgis
Agisl
Agis3
Tgis
f\mssnm
ais
Aais
Tais

Qais

Odic

Bic

In code

Lthx

1glae

Lgla

Gglal

Ggla3

tgla

ggla

1gise

Lgisi

Lgis3

tgis

Lais_smb

lais

Lais

tais

aais

adic

bdic

2022-09-30

Description

Proportionality factor of thermosteric
SLR

Initial imbalance in SLR from Glaciers

Maximum contribution to SLR from
Glaciers

Linear sensitivity of steady-state
Glaciers SLR to climate

Cubic sensitivity of steady-state Glaciers

SLR to climate

Timescale of Glaciers' contribution to
SLR

Sensitivity of Glaciers' timescale to
climate

Initial imbalance in SLR from GIS

Linear sensitivity of steady-state GIS SLR

to climate

Cubic sensitivity of steady-state GIS SLR

to climate
Timescale of GIS contribution to SLR

Sensitivity of AIS SMB increase due to
climate

Initial imbalance in SLR from AIS

Sensitivity of steady-state AIS SLR to
climate

Timescale of AIS contribution to SLR

Sensitivity of AIS timescale to AIS SLR

Conversion factor for DIC

Inverse-scaling factor for DIC
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Units

mm m
W yr?

mm yr

K-3

K-1
mm yr’

mm K

mm K3

yr

mm-

pmol

Dims
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manual

Ydic

ﬁ%pp

Onpp
Ynpp
[ﬁke

Yfire

,Brh

Vmort
Vstab
Vrhi
Vrh23

Vrh3

In code

gdic
To
vgX

g8x

aoc_j

toc_j

k_toc

bnpp

anpp
gnpp
bfire

gfire

brh

grh

nppo

vfire
vharv
vmort
vstab
vrhl

vrh23

vrh3

2022-09-30

Description

Sensitivity of pCO2 to climate
Preindustrial surface ocean temperature
Surface ocean gas exchange rate

Sensitivity of gas exchange to climate

Surface ocean subpools fractions

Timescales of surface ocean subpools

Scaling factor for timescales of surface
ocean subpools

Sensitivity of NPP to CO2 (= fertilization
effect)

Shape parameter for fertilization effect
Sensitivity of NPP to climate

Sensitivity of wildfire intensity to CO2
Sensitivity of wildfire intensity to climate

Sensitivity of heterotrophic respiration
to fresh organic matter

Sensitivity of heterotrophic respiration
to climate

Preindustrial NPP

Wildfire intensity

Harvest and grazing rate

Mortality rate

Stabilization rate

Litter heterotrophic respiration rate
Soil (active and passive) respiration rate

Passive soil respiration rate
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Units Dims

JAS
I1,5]
J E
4 I1,5]

PgC yr!
yr
yr
yr
yr
yr
yr

yr
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manual

Opass

Ulst

Prtl

Prt2

Krt

Amin

Ya

Vthaw

Vfroz

Oth,j

In code

apass

aLST

grtl

grt2

krt

amin

ka

ga

vthaw

vfroz

ath_j

tth_j

k_tth

Cfro

aCo2

CO2pi

2022-09-30
Description
Fraction of passive soil
Climate scaling factor over permafrost
regions

Sensitivity of (boreal) heterotrophic
respiration to climate

Sensitivity of (boreal) heterotrophic
respiration to climate (quadratic)

Scaling factor for sensitivity of
permafrost respiration to climate

Minimal thawed fraction

Shape parameter for theoretical thawed
fraction

Sensitivity of theoretical thawed fraction

to climate
Thawing rate
Freezing rate

Thawed permafrost carbon subpools
fractions

Timescales of thawed permafrost
carbon subpools

Scaling factor for timescales of surface
ocean subpools

Preindustrial frozen permafrost carbon
pool

Conversion factor for atmospheric CO2

Preindustrial CO2 concentration

Scaling factor for surface ocean pH
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Units

yr

PgC

PgC
ppm

ppm

Dims

je€
[1,3]
j€

[1,3]
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In

In code Description Units
manual
_ Relative standard deviation of the
ocC std_c02 1

historical co2 time series (for calib.)

Noise amplitude of the historical co2
€C ampl_CO2 . . . ppm
time series (for calib.)

Autocorrelation of the historical co2
pC corr_C02 . . . 1
time series (for calib.)

- Relative standard deviation of the
or std T . . ) . 1
historical T time series (for calib.)

Noise amplitude of the historical T

€ 1T K
r allle= time series (for calib.)
. Autocorrelation of the historical T time
PT — series (for calib.)
Equations
1. Climate
diagnostic

© R.=¢ In(£)
e R=R.+R,
prognostic
¢ O, =RV T — 0 O(T — Ty)

« 0, G =0(T Ty

diagnostic (2nd; for calib.)

e logit(ff) = In( 2: ~1)

2. Sea level

diagnostic

® Ushe = Oohe (Os T + 04 Ty)
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dUsgpe — dr dT,
* 4 = Gohe (O dt + 0, _i)

o Hpy = Athx Ushe

o d-[_]thx _ Athx dUohc

prognostic
Pate = ) gga + 2208 (A (1= exp(—Tgiar T — Loz T°)) — H,
* & gla Tala ( gla ( exp( glal gla3 ) gla)
s = Jgis + = (Agist T+ Agisy T> — H
* gis ( gisl gis3 ng)

dHais,smb o
dr - _Aaissmb T

dHais dHi,mb 1+0ti (Hl —H,i mb)
* Ta adsts +iaiS — (AalsT (Hals Hiis smb))

Tais

diagnostic (2nd)
o Hio = Hunx +Hgla +Hgis + Hyis

dHwt _ dchx gla ngis dHais
dt + + + dt

diagnostic (3rd; for calib.)

® P[ha = ziCCE {gla,gis,ais} }vice Tice (eXp(_ISO/Tlce) - eXp(—205/‘L’1¢e))

3. Ocean carbon

diagnostic

° COZZJ'COJ

. — Odi
Cdic — ﬁd_ilz Co

pdic = (1.5568 — 0.013993 T},) caic
+(7.4706 — 0.20207 T,) 102 cqic>
—(1.2748 —0.12015 7,) 107> cgic>
+(2.4491 — 0.12639 7,) 107 cgic*
—(1.5768 —0.15326 T,) 10710 ¢4

e pco2 = (pdic + Cpi) exp(ydic T)

o Focean = Vox (1 + Yex T) (C —pcoz)

prognostic
dCoJ _ C()J .
* & T Tk, + 0o,j Focean
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dC,; _ Co,'
o

Kz Toj

4. Land carbon

diagnostic

o rupp = (14 L2 (1= () ") (149 T)

Onpp

® Ifire — (1 +,Bﬁre (C%,l - 1))(1 +Vﬁre T)

o 7th = (1 +fm (C1+C2+Cs3 (1+ % —1))exp(ym T')

* Fapp = Fpp.o Tnpp
o Efie = Vire I'ire C
* Eharv = Vhary G
* Frort = Vimort Cy
o Emni = Vini 7'h Co1

* Fiab = Vstab 7th Csi

Vih23~Vih3 Opass

° Erh — h231_‘;1;h3 pass i CsZ
pass

o F pass — Vrh3 1 aa“ rm Cy2

o Enz = Vins rh Cs3

® Fland = anp — Efire = Eharv — Em1 — Em2 — Emns

prognostic

dCc, _ _ _ —
* @ F npp Efire = Eharv — Finort

° %}LL = Finort = Fstab — Erni
° d_gfz = Fstab — Fpass — Em
o % = Fpass — Em3
diagnostic (2nd)

o Em=FEm T Em T Ems

o (;=C51 +Cn+Cg
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5. Permafrost carbon

diagnostic

o 7 = eXP(Krt Prt1 st T — Kt Yre2 (st T)z)

( 1—i_amin )

+ 1
(1+((1+$) a—l) exp(—ya Ka Qust T)) *a

® 4= —Qmin

Cinj
Y = . ——thy
pf Y Kry, Tihy rl’t
prognostic

° % =0.5 (Vthaw + Vfroz) (ZZ o CZ) +0.5 |(Vthaw o Vfroz) (Zl - a)l

dCy, d Ci
thy o da _ th,
—- = my g Cho _L’frth it

diagnostic (2nd)
° Cfr = (1 B a) C'1“r,0

dCx _ _ da
o =4 Cro

6. Atmospheric CO2

diagnostic

o pH = x,n (8.5541 —0.00173 C +1.3264 107° C* — 4.4943 10710 C?)

prognostic

dC _
* ac q ~ ECO2 +Epf _Fland _Focean
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