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Table S1: The SIA library contents. Module names are in bold and user-accessible routines are in
plain type. The entries under Uses are modules that are used by one or more of the local routines
and Public Routines are available from other modules and from user routines. The bracketed
module names under Uses are used through nested use associations. The underlined routines are
thermodynamic potential functions including first and second derivatives. The bracketed numbers
preceeding module names are used to identify the cell blocks and give the related supplementary
table numbers to consult for additional information. For example, the cell containing the module
Convert_0 with (S2) preceding the module name is referred to as Table S1 (Block S2) and Table

S2 provides additional information on this module.

Level 0 routines

Constants_0

Public Parameter Values

Constants_0 (Cont'd)

Parameter Values (cont'd)

celsius_temperature_si
check_limits
cp_chempot_si
cp_density_si
cp_pressure_si
cp_temperature_si
dry_air_dmax
dry_air_dmin
dry_air_tmax
dry_air_tmin

errorreturn

flu_dmax

flu_dmin

flu_tmax

flu_tmin
gas_constant_air_si
gas_constant_air_L2000
gas_constant_molar_si
gas_constant_molar_L2000
gas_constant_h20_si
gas_constant_h20_iapws95
ice_pmax

ice_pmin

ice_tmax

ice_tmin
isextension2010

isok

mix_air_dmax
mix_air_dmin
mix_air_tmax
mix_air_tmin
molar_mass_air_si
molar_mass_air_[2000
molar_mass_h20_si
molar_mass_seasalt_si

pi

sal_pmax

sal_pmin

sal_smax

sal_smin

sal_tmax

sal_tmin
sealevel_pressure_si
so_salinity_si
so_temperature_si
SO_pressure_si
tp_density_ice_iapws95_si
tp_density_lig_iapws95_si
tp_density_vap_iapws95_si
tp_enthalpy_ice_si
tp_enthalpy_vap_si
tp_pressure_exp_si
tp_pressure_iapws95_si
tp_temperature_si

Maths_0

Uses
constants_0

Public Routines
get_cubicroots
matrix_solve

(S2) Convert_0

Uses
constants_0

Public Routines
air_massfraction_air_si
air_massfraction_vap_si
air_molar_mass_si
air_molfraction_air_si
air_molfraction_vap_si
asal_from_psal
psal_from_asal

Level 1 routines

(S3) Flu_1 (IAPWS95)

Uses
constants_0

Public Routines

chk iapws95 table6
chk iapws95 table7
flu f si

(S4) Ice_1 (IAPWS06)

Uses
constants_0

Public Routines
chk iapws06 table6

Ice g si

(S5) Sal_1 (IAPWS08)

Uses
constants_0

Public Routines
sal g term si

(S6) Air_1

Uses
constants_0

Public Routines

air_ baw _m3mol

air caaw mé6mol2

air caww _m6émol2
dry f si
dry_init_clear

dry init Lemmon2000




Level 2 routines

(S7) Flu_2

Uses
constants_0, flu_1

Public Routines
flu_cp_si

flu_cv_si
flu_enthalpy_si
flu_entropy_si
flu_expansion_si
flu_gibbs_energy_si
flu_internal_energy_si
flu_kappa_s_si
flu_kappa_t_si
flu_lapserate_si
flu_pressure_si
flu_soundspeed_si

(S8) Ice_2

Uses
constants_0, ice_1

Public Routines
ice_chempot_si
ice_cp_si
ice_density_si
ice_enthalpy_si
ice_entropy_si
ice_expansion_si
ice_helmholtz_energy_si
ice_internal_energy_si
ice_kappa_s_si
ice_kappa_t_si
ice_lapserate_si
ice_p_coefficient_si
ice_specific_volume_si

(S9) Sal_2

Uses
constants_0, sal_1

Public Routines
sal_act_coeff_si
sal_act_potential_si
sal_activity w_si
sal_chem_coeff si
sal_chempot_h20_si
sal_chempot_rel_si
sal_dilution_si

sal g si
sal_mixenthalpy_si
sal_mixentropy_si
sal_mixvolume_si
sal_molality_si
sal_osm_coeff_si
sal_saltenthalpy_si
sal_saltentropy_si
sal_saltvolume_si

(S10) Air_2

Uses
constants_0, flu_1, air_1

Public Routines

air f si

air_f_cp_si
air_f_cv_si
air_f_enthalpy_si
air_f_entropy_si
air_f_expansion_si
air_f_gibbs_energy_si
air_f_internal_energy_si
air_f_kappa_s_si
air_f_kappa_t_si
air_f_lapserate_si

air f mix_si
air_f_pressure_si
air_f_soundspeed_si
chk_iapws10_table

Level 3 routines

(S11) Flu_3a

Uses
constants_0, convert_0,
maths_0, flu_1

Public Routines
get_it_ctrl_density
lig_density_si

li Si
set_it_ctrl_density
vap_density_si
va| si

(S12) Sea_3a

Uses

constants_0, sal_1, sal 2,
flu_3a (convert_0, maths_0,
flu_1)

Public Routines
chk_iapws08_table8a
chk_iapws08_table8b
chk_iapws08_table8c
sea_chempot_h20_si
sea_chempot_rel_si
sea_cp_si
sea_density_si
sea_enthalpy_si
sea_entropy_si

sea @ si
sea_g_contraction_t_si
sea_g_expansion_si
sea_gibbs_energy_si
sea_internal_energy_si
sea_kappa_s_si
sea_kappa_t_si
sea_lapserate_si
sea_osm_coeff_si
sea_soundspeed_si
sea_temp_maxdensity_si

(S13) Air_3a

Uses

constants_0, convert_0,
maths_0, air_1, air_2
(flu_1)

Public Routines
air_density_si
air g si
get_it_ctrl_airdensity
set_it_ctrl_airdensity




(S14) Flu_3b

Uses
constants_0, flu_2, flu_3a
(convert_0, maths_0, flu_1)

Public Routines
lig_cp_si

lig_cv_si
lig_enthalpy_si
lig_entropy_si
lig_expansion_si
lig_gibbs_energy_si
lig_internal_energy_si
lig_kappa_s_si
lig_kappa_t_si
lig_lapserate_si
lig_soundspeed_si
vap_cp_si

vap_cv_si
vap_enthalpy_si
vap_entropy_si
vap_expansion_si
vap_gibbs_energy_si
vap_internal_energy_si
vap_kappa_s_si
vap_kappa_t_si
vap_lapserate_si
vap_soundspeed_si

(S15) Sea_3b

Uses

constants_0, sal 2, flu_3a,
sea_3a (convert_0, maths_0,
flu_1,sal_1)

Public Routines

sea h si
sea_h_contraction_h_si
sea_h_contraction_t_si
sea_h_contraction_theta_si
sea_h_expansion_h_si
sea_h_expansion_t_si
sea_h_expansion_theta_si
sea_potdensity_si
sea_potenthalpy_si
sea_pottemp_si
sea_temperature_si
set_it_ctrl_pottemp

(S16) Air_3b

Uses

constants_0, convert_0,
air_1, air_2, air_3a
(maths_0, flu_1)

Public Routines
air_g_chempot_vap_si
air_g_compressibility
factor_si
air_g_contraction_si
air_g_cp_si

air_g_cv_si
air_g_density_si
air_g_enthalpy_si
air_g_entropy_si
air_g_expansion_si
air_g_gibbs_energy_si
air_g_internal_energy_si
air_g_kappa_s_si
air_g_kappa_t_si
air_g_lapserate_si
air_g_soundspeed_si
chk_lemmon_etal_2000

(817) Sea_3c

Uses

constants_0, sea_3a, sea_3b
(convert_0, maths_0, flu_1,
sal_1,sal 2, flu_3a)

Public Routines
sea_eta_contraction_h_si
sea_eta_contraction_t_si
sea_eta_contraction_theta_si
sea_eta_density_si
sea_eta_entropy_si
sea_eta_expansion_h_si
sea_eta_expansion_t_si
sea_eta_expansion_theta_si
sea_eta_potdensity_si
sea_eta_pottemp_si
sea_eta_temperature_si
set_it_ctrl_entropy_si

(S18) Air_3c

Uses

constants_0, convert_0,
air_2, air_3a, air_3b
(maths_0, air_1, flu_1)

Public Routines
air h si
air_potdensity_si
air_potenthalpy_si
air_pottemp_si
air_temperature_si
set_it_ctrl_air_pottemp

(S19) Sea_3d

Uses

constants_0, sal 2, flu_3a
(convert_0, maths_0, flu_1,
sal_1)

Public Routines
sea_sa_Si
set it _ctrl_salinity




Level 4 routines

(S20) Liq_Vap_4

Uses
constants_0, maths_0, flu_1,
flu_2, flu_3a (Convert_0)

Public Routines
chk_iapws95_table8
lig_vap_boilingtemperature_si
lig_vap_chempot_si
lig_vap_density_liq_si
lig_vap_density_vap_si
lig_vap_enthalpy_evap_si
lig_vap_enthalpy_lig_si
lig_vap_enthalpy_vap_si
lig_vap_entropy_evap_si
lig_vap_entropy_liq_si
lig_vap_entropy_vap_si
lig_vap_pressure_liq_si
lig_vap_pressure_vap_si
lig_vap_temperature_si
lig_vap_vapourpressure_si
lig_vap_volume_evap_si
set_liq_vap_eq_at p
set_liq_vap_eq_at t
set_it_ctrl_lig_vap

(21) Ice_Vap_4

Uses
constants_0, maths_0, flu_1,
flu_2,ice_1,ice 2

Public Routines
ice_vap_chempot_si
ice_vap_density_ice_si
ice_vap_density_vap_si
ice_vap_enthalpy_ice_si
ice_vap_enthalpy_subl_si
ice_vap_enthalpy_vap_si
ice_vap_entropy_ice_si
ice_vap_entropy_subl_si
ice_vap_entropy_vap_si
ice_vap_pressure_vap_si
ice_vap_sublimationpressure_si
ice_vap_sublimationtemp_si
ice_vap_temperature_si
ice_vap_volume_subl_si
set_ice_vap_eq_at_p
set_ice_vap_eq_at_t
set_it_ctrl_ice_vap

(S22) Sea_Vap_4

Uses

constants_0, maths_0, flu_1,
sal_1,sal 2, flu_3a, sea_3a, flu _3b
(convert_0, flu_2)

Public Routines
sea_vap_boilingtemperature_si
sea_vap_brinefraction_seavap_si
sea_vap_brinesalinity_si
sea_vap_cp_seavap_si
sea_vap_density_sea_si
sea_vap_density_seavap_si
sea_vap_density_vap_si
sea_vap_enthalpy_evap_si
sea_vap_enthalpy_sea_si
sea_vap_enthalpy_seavap_si
sea_vap_enthalpy_vap_si
sea_vap_entropy_sea_si
sea_vap_entropy_seavap_si
sea_vap_entropy_vap_si
sea_vap_expansion_seavap_si
sea va Si
sea_vap_kappa_t_seavap_si
sea_vap_pressure_si
sea_vap_salinity_si
sea_vap_temperature_si
sea_vap_vapourpressure_si
sea_vap_volume_evap_si
set_it_ctrl_sea_vap
set_sea_vap_eqg_at s_p
set_sea_vap_eq_at s_t
set_sea_vap _eq at t p

(S23) Ice_Liq_4

Uses
constants_0, maths_0, flu_1,
ice_1,flu_2,ice_2

Public Routines
ice_liq_chempot_si
ice_liq_density_ice_si
ice_liq_density_liq_si
ice_liq_enthalpy_ice_si
ice_liq_enthalpy_liq_si
ice_liq_enthalpy_melt_si
ice_liq_entropy_ice_si
ice_liq_entropy_lig_si
ice_lig_entropy_melt_si
ice_liq_meltingpressure_si
ice_liq_meltingtemperature_si
ice_liq_pressure_liq_si
ice_liq_temperature_si
ice_liq_volume_melt_si
set_ice_lig_eq_at_p
set_ice_lig_eq_at_t
set_it_ctrl_ice _liq

(S24) Sea_Liq_4

Uses
constants_0, flu_1, sal_1, flu_2,
sal_2, flu_3a (convert_0, maths_0)

Public Routines
sea_lig_osmoticpressure_si
set_sea_lig_eq at s_t p
set_it_ctrl_sea_liq




(S25) Sea_lIce_4

Uses

constants_0, convert_0, maths_0,
flu_1,ice_1,sal 1,ice 2, sal 2,
flu_3a, sea_3a, flu_3b (flu_2)

Public Routines
sea_ice_brinefraction_seaice_si
sea_ice_brinesalinity_si
sea_ice_cp_seaice_si
sea_ice_density_ice_si
sea_ice_density_sea_si
sea_ice_density_seaice_si
sea_ice_dtfdp_si
sea_ice_dtfds_si
sea_ice_enthalpy_ice_si
sea_ice_enthalpy_melt_si
sea_ice_enthalpy_sea_si
sea_ice_enthalpy_seaice_si
sea_ice_entropy_ice_si
sea_ice_entropy_sea_si
sea_ice_entropy_seaice_si
sea_ice_expansion_seaice_si
sea_ice_freezingtemperature_si
sea ice g si
sea_ice_kappa_t_seaice_si
sea_ice_meltingpressure_si
sea_ice_pressure_si
sea_ice_salinity_si
sea_ice_temperature_si
sea_ice_volume_melt_si
set_it_ctrl_sea_ice
set_sea_ice_eq at_s_p
set_sea_ice_eq_at_s_t
set_sea_ice_eq at t p

(526) Sea_Air_4

Uses

constants_0, convert_0, maths_0,
flu 1,sal_1,air_1,flu_2,sal 2,
air_2, flu_3a, sea_3a, air_3a,
air_3b, liq_vap_4, lig_air_4a

Public Routines
sea_air_chempot_evap_si
sea_air_condense_temp_si
sea_air_density_air_si
sea_air_density_vap_si
sea_air_enthalpy_evap_si
sea_air_entropy_air_si
sea_air_massfraction_air_si
sea_air_vapourpressure_si
set_it_ctrl_sea_air
set_sea_air_eq_at s_a_p
set_ sea_air eq at s t p




(S27) Liq_Ice_Air_4

Uses

constants_0, convert_0,
maths_0, flu_1,ice_1, air_1,
flu_2, ice_2, air_2, air_3b,
ice_liq_4 (air_3a)

Public Routines
lig_ice_air_airfraction_si
lig_ice_air_density_si
lig_ice_air_dryairfraction_si
lig_ice_air_enthalpy_si
lig_ice_air_entropy_si
lig_ice_air_ifl_si
lig_ice_air_iml_si
lig_ice_air_liquidfraction_si
lig_ice_air_pressure_si
lig_ice_air_solidfraction_si
lig_ice_air_temperature_si
lig_ice_air_vapourfraction_si
set_liq_ice_air_eq_at_a
set_lig_ice_air_eq_at_p
set_liq_ice_air_eq_at_t
set_liq_ice_air_eq_at
_wa_eta_wt
set_liq_ice_air_eq_at
~wa_wl_wi
set_it_ctrl_lig_ice_air

(S28) Sea_Ice_Vap_4

Uses
constants_0, maths_0, flu_1,
ice_1,sal_1,sal 2

Public Routines
sea_ice_vap_density_vap_si
sea_ice_vap_pressure_si
sea_ice_vap_salinity_si
sea_ice_vap_temperature_si
set_it_ctrl_sea_ice_vap
set_sea_ice_vap_eq_at p
set_sea_ice_vap_eq_at s
set_sea_ice_vap_eq_at_t

(S29) Liq_Air_4a

Uses

constants_0, convert_0,
maths_0, flu_1, air_1, flu_2,
air_2, flu_3a, air_3a, air_3b,
lig_vap_4

Public Routines
lig_air_a_from_rh_cct_si
lig_air_a_from_rh_wmo_si
lig_air_condensationpressure__
si

lig_air_density_air_si
lig_air_density_lig_si
lig_air_density_vap_si
lig_air_dewpoint_si
lig_air_enthalpy_evap_si
lig_air_entropy_air_si
lig_air_icl_si

lig_air_ict_si
lig_air_massfraction_air_si
lig_air_pressure_si
lig_air_rh_cct_from_a_si
lig_air_rh_wmo_from_a_si
lig_air_temperature_si
set_it_ctrl_lig_air
set_liq_air_eq_at a_eta
set_liq_air_eq_at a p
set_liq_air_eq_at a t
set_liq_air eg_at t p

(S30) Ice_Air_4a

Uses

constants_0, convert_0, maths_0,
air_1,ice_1, ice_2, air_2, air_3a,
air_3b, ice_vap_4 (flu_1, flu_2)

Public Routines
ice_air_a_from_rh_cct_si
ice_air_a_from_rh_wmo_si
ice_air_condensationpressure_si
ice_air_density_air_si
ice_air_density_ice_si
ice_air_density_vap_si
ice_air_enthalpy_subl_si
ice_air_frostpoint_si
ice_air_icl_si

ice_air_ict_si
ice_air_massfraction_air_si
ice_air_pressure_si
ice_air_rh_cct_from_a_si
ice_air_ rh_wmo_from_a_si
ice_air_sublimationpressure_si
ice_air_temperature_si
set_ice_air_eq_at_a_eta
set_ice_air_eq_at_a_p
set_ice_air_eq_at_a_t
set_ice_air_eq at t p
set_it_ctrl_ice_air




(S31) Ligq_Air_4b

Uses

constants_0, flu_3a, air_3a,
lig_air_4a (convert_0, maths_0,
flu_1, air_1, flu_2, air_2, air_3b,
lig_vap_4)

Public Routines

lig air g si
lig_air_g_cp_si
lig_air_g_density_si
lig_air_g_enthalpy_si
lig_air_g_entropy_si
lig_air_g_expansion_si
lig_air_g_kappa_t_si
lig_air_g_lapserate_si
lig_air_liquidfraction_si
lig_air_vapourfraction_si

(S32) Ice_Air_4b

Uses

constants_0, convert_0, ice_1,
air_3a, ice_air_4a (maths_0,
flu_1, air_1, flu_2, ice_2, air_2,
air_3b, ice_vap_4)

Public Routines

ice air g si
ice_air_g_cp_si
ice_air_g_density_si
ice_air_g_enthalpy_si
ice_air_g_entropy_si
ice_air_g_expansion_si
ice_air_g_kappa_t_si
ice_air_g_lapserate_si
ice_air_solidfraction_si
ice_air_vapourfraction_si

(S33) Liq_Air_4c

Uses

constants_0, air_3a, ice_liq_4,
lig_air_4a, lig_air_4b
(convert_0, maths_0, flu_1,
ice_1, air_1, flu_2, ice_2 air_2,
flu_3a, air_3b, liq_vap_4)

Public Routines

lig air h si
lig_air_h_cp_si
lig_air_h_density_si
lig_air_h_kappa_s_si
lig_air_h_lapserate_si
lig_air_h_temperature_si
lig_air_potdensity_si
lig_air_potenthalpy_si
lig_air_pottemp_si
set_it_ctrl_liq_air_pottemp

(S34) Ice_Air_4c

Uses
constants_0, convert_0, ice_liq_4,
ice_air_4b (maths_0, flu_1, ice_1,
air_1, flu_2, ice_2, air_2, air_3a,
air_3b, ice_air_4a, ice_vap_4)

Public Routines

ice air h si
ice_air_h_cp_si
ice_air_h_density_si
ice_air_h_kappa_s_si
ice_air_h_lapserate_si
ice_air_h_temperature_si
ice_air_potdensity_si
ice_air_potenthalpy_si
ice_air_pottemp_si
set_it_ctrl_ice_air_pottemp




Level 5 routines

(S35) Flu_IF97_5

Uses
constants_0

Public Routines
chk_iapws97_table
fit_lig_density_if97_si
fit liq g if97 si
fit_vap_density_if97_si
fit vap g if97 si

(S36) Ice_Flu_5

Uses
constants_0

Public Routines
fit_ice_liq_pressure_si
fit_ice_liq_temperature_si
fit_ice_vap_pressure_si

(S37) Sea_5a

Uses

constants_0, sea_3a, sea_3b,
sea_3c (convert_0, maths_0, flu_1,
sal_1,sal 2, flu_3a)

Public Routines
sea_alpha_ct_si
sea_alpha_pt0_si
sea_alpha_t_si
sea_beta_ct_si
sea_beta_pt0_si
sea_beta t_si
sea_cabb_ct_si
sea_cabb_pt0_si
sea_ctmp_from_ptmp0_si
sea_ptmp0_from_ctmp_si
sea_thrmb_ct_si
sea_thrmb pt0 si

(S38) Air_5

Uses

constants_0, air_3b,
lig_air_4a (convert_0,
maths_0, flu_1, flu_2,
flu_3a, air_1, air_2,
air_3a, lig_vap_4)

Public Routines
air_lapserate_moist_c
100m

(S39) Liq_F03_5

Uses
constants_0

Public Routines
chk_iapws09_table6
fit_lig_cp_f03_si
fit_lig_density_f03_si
fit_lig_expansion_f03_si
fit lig g fO3 si
fit_lig_kappa_t_f03_si
fit_lig_soundspeed_f03_si

(S40) 0S2008_5

Uses

flu_1, flu_2,

flu_3a, ice_1, lig_vap_4,
sal_1, sal_2 (constants_0,
convert_0, maths_0)

Public Routines
chk_0s2008_table

(S41) GSW_Library 5

Uses

constants_0, maths_0, lig_f03_5,
flu_1, flu_3a, sal_1, sal_2, sea_3a,
sea_3b, sea_b5a (convert_0)

Public Routines
gsw_alpha_ct
gsw_alpha_pt0
gsw_alpha_t
gsw_asal_from_psal
gsw_beta_ct
gsw_beta_pt0
gsw_beta_t
gsw_cabb_ct
gsw_cabb_pt0
gsw_cp
gsw_ctmp_from_ptmp0
gsw_dens
gsw_enthalpy
gsw_entropy

asw g

gsw_kappa
gsw_kappa_t
gsw_pden
gsw_psal_from_asal
gsw_ptmp
gsw_ptmp0_from_ctmp
gsw_specvol
gsw_svel
gsw_thrmb_ct
gsw_thrmb pt0

(S42) Convert_5

Uses
constants_0,
convert_0

Public Routines
cnv_pressure
cnv_salinity
cnv_temperature




Level 0: The Conversion Routines

Table S2 (Convert_0): This module implements formulae to permit easy conversion between
various representations of the relative contributions of dry air and water vapour to humid air, and
for conversion between various commonly used units for pressure, salinity and temperature. (See
Part I, section 2.4).

(S2) Convert_0 Module

. Mathematical formulae
Function call . . . Comments
relating various units

air_massfraction_air_si: Converts between the mole fraction of dry air in moist air and the mass
fraction of dry air in moist air. (S2.1)

& 1s the mole fraction, the
number of moles of dry air per
moles of humid air

air_massfraction_vap_si: Converts between the mole fraction of dry air in moist air and the mass
fraction of water vapour in moist air. (S2.2)
& is the mole fraction, the
number of moles of dry air per
moles of humid air

air_massfraction_air_si(x) A= Xa
X = &/ (mol mol™) 1-(1-x,)1-My IM,)

air_massfraction_vap_si(x) - A= 1-x,
X = &/ (mol mol™) 1-x,(1-M, /M)

air_molar_mass_si: Determines the molar mass of moist air given the mass fraction of dry air in

humid air (S2.3)
air_molar_mass_si(a) M. = 1 A is the mass fraction of dry
a=A/(kgkg™) A - A)/MW +A/M, air in humid air
air_molfraction_air_si: Converts between the mass fraction of dry air in moist air and the mole
fraction of dry air in moist air. (S2.4)
air_molfraction_air_si(a) M AMy IM,) A is the mass fraction of dry
a=A/(kgkg") AT —A(l-My M) air in humid air
air_molfraction_vap_si: Converts between the mass fraction of dry air in moist air and the mole
fraction of water vapour in moist air. (S2.5)
air_molfraction_vap_si(a) 1—x 1-A A is the mass fraction of dry

A

a=A/(kgkg") =l—A(l—MW/MA) air in humid air
asal_from_psal: Converts from Practical Salinity to Absolute Salinity, possibly allowing for

composition anomalies using a lookup table. (S2.6)
asal_from_psal
(sp, long, lat, p) Note that P, long and lat are

. .. Sa =[Sp x (35.16504/35) required to estimate the effect
S[=)p (el walligy) + dSa(long, lat, p)] kg kg'! of composition anomalies on
Jamg) = lvmsiiidls iin degioss from McDougall et al (2009).  Absolute Salinity. If absent
lat = latitude in degrees T -
p=P/Pa .

10



Table S2 (Convert_0), continued

(S2) Convert_0 Module (cont'd)

Function call Mathematical Units Comments
formula

psal_from_asal: Converts from Absolute Salinity to Practical Salinity, possibly allowing for

composition anomalies using a lookup table. (S2.7)
sal_from_asal

E)S Io_n Ia_t ) Sp = (35/35.16504) x Note thgt P, long and lat
, long, lat, p (Sa - 0Sa(long, lat are required to estimate

S = Sp (Practical Salinity) p)) from McDo’uga’ll 1 the effect of composition

long = longitude in degrees et al (2009). anomalies on Absolute

lat = latitude in degrees Salinity. If absent the

p=P/Pa effect is neglected.

Level 1: The Primary Standard

Table S3 (Flu_1): This module implements the Helmholtz potential of fluid water and its first and
second partial derivatives with respect to temperature and density as defined in IAPWS-95. (See
Part I, section 2.1.)

(S3) Flu_1 Module

Function call Mathematical formula Units Comments
chk_iapws95_table6 and chk_iapws95_table7: Check routines for the thermodynamic
properties of fluid water (S3.1)

chk_iapws95_table6 and chk_iapws95_table7 are simple check routines for the
thermodynamic properties of fluid pure water. They print out table values determined by the local
implementation together with results published in tables 6 and 7 of IAPWS-95. Table 6 compares
results of the ideal gas and residual parts of the dimensionless Helmholtz free energy and its
derivatives. Table 7 outputs results for pressure, specific heat capacity at constant volume, sound
speed and specific entropy for specified values of temperature and density. The published results
are shown to the number of digits expected to be reproduced by double precision code.

flu_f_si: Helmholtz potential of liquid water and vapour (S3.2)
f|U_f_SI(m, n, t, d) am+n . Jm3” m, n Z 0
t=T/K 5 Wf (T,,O) K"k n+l m+n<?2
d=p/(kegm™) P g N
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Table S4 (Ice_1): This module implements the Gibbs potential of hexagonal ice I and its first and
second partial derivatives with respect to temperature and pressure as defined in IAPWS-06. (See
Part I, section 2.2.)

(S4) Ice_1 Module
Function call Mathematical formula Units Comments
chk_iapws06_table6: Check routine for the thermodynamic properties of pure ice (S4.1)

chk_iapws06_table6 is a simple check routine for the thermodynamic properties of pure water ice
Ih. It prints out values corresponding to table 6 of IAPWS-06 determined by the local
implementation together with the corresponding published results. The routine produces values
corresponding to the experimental triple point, the normal pressure melting point and 7= 100 K
and P = 100 MPa. The published results are shown to the number of digits expected to be
reproduced by double precision code.

ice_g_si: Gibbs potential of ice Th (S4.2)
|Ce_g_S|(m, n, t, p) am+n n Jl—n m3n m, n 2 0
t=T/K ———¢"(1,P) - Mo <
p=P/Pa oT"oP K"kg =

Table S5 (Sal_1): Expansion coefficients g;(7, P) and their partial derivatives for the powers of
salinity in the Gibbs function gV of seawater, depending on absolute temperature in K and
absolute pressure in Pa. (See Part I, section 2.3.)

(S5) Sal_1 Module
Function call Mathematical formula Units Comments
sal_g_term_si: coefficients of the salinity expansion of the Gibbs function of seawater

(S5.1)
gl(’z > ) .

. aTmaPn < <’7
sal_g_term_si(m, n, t, p) 7 I<i >0
t=T/K gs ——g(fZ)S' InS ’

m
/ 71 A A K kg m+n<?2
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Table S6 (Air_1): This module implements the Helmholtz potential of dry air and its first and
second partial derivatives with respect to temperature and density as defined in Lemmon et al.
(2000), the second cross-virial coefficient of Harvey and Huang (2007) and the third cross-virial
coefficients of Hyland and Wexler (1983). (See Part I, section 2.4.)

(S6) Air_1 Module

Function call Mathematical formula
air_baw_m3mol: 2nd virial coefficient air-water
air_baw_m3mol(n, t) d"
t=T/K o B )
air_caaw_mo6mol?2: 3rd virial coefficient air-air-water
air_caaw_me6mol2(n, t) d” (r)
t=7T/K dT” aaw
air_caww_m6mol2: 3rd virial coefficient air-water-water
air_caww_m6mol2(n, t) d”
t=T/K dTn Caww (T)
dry_f_si: Helmholtz potential of dry air
dry_f_Si(m, n,t, d) Pl
t=T/K —— fMT.p)
d=p/(kgm™) e

Units

KmkgnH

Comments
(S6.1)

dry_init_clear: Clears the coefficients used in the definition of the dry-air Helmholtz function.

(S6.5)

This routine is used to switch from the original Lemmon et al. formulation to the formulation in
which enthalpy and entropy have been adjusted to zero at 7= 273.15 K, P = 101325 Pa as used in
the SIA library. After execution, the first call of dry_f_si triggers the default initialization.

dry_init_lemmon2000: Initialization routine for the original Lemmon et al. (2000) formulation for

dry air.

(S6.6)

Initializes the coefficients of the dry-air Helmholtz function consistent with the original formulation
of Lemmon et al. (2000). This is useful for making direct comparison with the check values
tabulated in the original publication. Note however that the precision of the tabulated results is
limited so that a comparison with the reults tabulated in TAPWS-10 is preferred. Execution

overwrites any previous initialization.

13



Level 2: Directly Derived Properties

Table S7 (Flu_2): Thermodynamic properties of pure liquid water and water vapour, depending
on absolute temperature in K and density in kg m™. All quantities here are computed directly from

the Helmholtz potential function f ©. (See Part I, section 3.1.)

(S7) Flu_2 Module
Function call
flu_cp_si: specific isobaric heat capacity

flu_cp_si(t, d) F P

t=T/K ¢p=T M—fﬁ
d=p/(kgm?) 21 ¥P T
flu_cv_si: specific isochoric heat capacity

flu_cv_si(t, d)

t=T/K c,=-T f,,
d=p/(kgm™)

flu_enthalpy_si: specific enthalpy
flu_enthalpy_si(t, d)

t=T/K

d=p/(kgm™)

flu_entropy_si: specific entropy

flu_entropy_si(t, d)

t = T/K 77 = —fTF
d=p/(kgm™)

flu_expansion_si: thermal expansion coefficient
flu_expansion_si(t, d) fE
t=7T/K a=—"7"—
d=p/(kgm™) 2f, +Pfy

flu_gibbs_energy_si: specific Gibbs energy
flu_gibbs_energy_si(t, d)
t=T/K

d=p/(kgm™)
flu_internal_energy_si: specific internal energy
flu_internal_energy_si(t, d)
t=T/K

d=p/(kgm™)

g=f"+pf,

”:fF_TfTF

Mathematical formula

h=f"=Tf +pf,

Unit

kgK

Comments
(S7.1)

f ¥ is the Helmholtz
potential for fluid water.
Subscripts indicate
partial differentiation.

(§87.2)
See comments for (S7.1)

(§87.3)
See comments for (S7.1)

(S7.4)
See comments for (S7.1)
(S7.5)
See comments for (S7.1)
(S7.6)
See comments for (S7.1)
(S7.7)

See comments for (S7.1)

14



Table S7 (Flu_2), continued

(S7) Flu_2 Module (cont'd)
Function call Mathematical formula
flu_kappa_s_si: isentropic compressibility

flu_kappa_s_si(t, d) s
T

t=T/K K =

d=p/ (kg m?) ety +ofy)-olts)
flu_kappa_t_s: isothermal compressibility
flu_kappa_t_si(, d) 1

t=T/K Kr =

d=p/(kgm™) R el)
flu_lapserate_si: adiabatic lapse rate

flu_lapserate_si(t, d) F

t=7T/K re——_dwf
d=p/(kgm_3) p(pr) _f7T(2fp +pfpp)

flu_pressure_si: absolute pressure
flu_pressure_si(t, d)

t=T/K P=p’f]
d=p/(kgm™)

flu_soundspeed_si: sound speed

flu_soundspeed_si(t, d) T )
t=T/K c=\/p2f”f””;(f”) +2pfF
d=p/(kgm™) frr

Pa

mlB

Comments
(S7.8)

See comments for (S7.1)
(§7.9)
See comments for (S7.1)

(S7.10)

See comments for(S7.1)
Note that this is per
pascal.

(S7.11)
See comments for (S7.1)

(S7.12)

See comments for (S7.1)

15



Table S8 (Ice_2): Thermodynamic properties of hexagonal ice I, depending on absolute
temperature in K and absolute pressure in Pa. All quantities here are determined directly from g™,

the Gibbs potential function for Ice Ih. (See Part I, section 3.2.)

(S8) Ice_2 Module
Function call
ice_chempot_si: chemical potential

ice_chempot_si(t, p)
t=7T/K H=8
p=P/Pa

ice_cp_si: specific isobaric heat capacity
ice_cp_si(t, p)

t=T/K

p=P/Pa

ice_density_si: density of sea ice
ice_density_si(t, p) 1
t=T/K P="w
p=P/Pa &r
ice_enthalpy_si: specific enthalpy
ice_enthalpy_si{, p)

t=T/K h=g"-Tgy
p=P/Pa

ice_entropy_si: specific entropy

ice_entropy_si(t, p)

t=T/K n=-gr
p=P/Pa

ice_expansion_si: thermal expansion coefficient
ice_expansion_si(t, p) Ih
t=T/K =
p=P/Pa 8r
ice_helmholtz_energy_si: specific Helmholtz energy
ice_helmholtz_energy_si

t, p) f= glh _PgIh
t=T/K F
p=P/Pa

c, =—Tg;hT

Mathematical formula

Unit Comments
(S8.1)
g™ is the Gibbs potential

function for hexagonal ice
J I, defined at level 1. Ice Ih

kg is the form that occurs
under most common
conditions.
(S8.2)
J Subscripts indicate partial
kg K differentiation.
(S8.3)
kg See comments for (S8.1)
m?> and (S8.2)
(S8.4)
J See comments for (S8.1)
kg and (S8.2)
(S8.5)
J See comments for (S8.1)
kg K and (S8.2)
(S8.6)
1 See comments for (S8.1)
K and (S8.2)
(S8.7)
J See comments for (S8.1)

kg and (S8.2)
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Table S8 (Ice_2), continued

(S8) Ice_2 Module, cont’d

Function call Mathematical formula
ice_internal_energy_si: specific internal energy
ice_internal_energy_si(t, p)

t=T/K u=g"-Tgy —Pg,
p=P/Pa

ice_kappa_s_si: isentropic compressibility
![cze_leaIgpa_s_sKt, P) . (g%, )2 Ih_ gI h;hT o
p=P/Pa 8p &t
ice_kappa_t_si: isothermal compressibility
ice_kappa_t_si(t, p) gh
t=T/K K, =—=1C
p=P/Pa 8r
ice_lapserate_si: adiabatic lapse rate
ice_lapserate_si(, p) Th
t=T/K A
p=P/Pa 811
ice_p_coefficient_si pressure coefficient
ice_p_coefficient_sit, p) Ih
t=T/K B, = -2
p=P/Pa 8rp
ice_specific_volume_si: specific volume
ice_specific_volume_si(t, p)

t=7T/K v=gp

p=P/Pa

Comments
(S8.8)

See comments for (S8.1)
and (S8.2)

(S8.9)

See comments for (S8.1)
and (S8.2)

(S8.10)

See comments for (S8.1)
and (S8.2)

(S8.11)

See comments for (S8.1)
and (S8.2)

(S8.12)

See comments for (S8.1)
and (S8.2)

(S8.13)

See comments for (S8.1)
and (S8.2)
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Table S9 (Sal_2): Thermodynamic saline properties of seawater, depending on absolute salinity
in kg kg, absolute temperature in K and absolute pressure in Pa. All quantities here are computed
directly from g°, the Gibbs potential function for the saline component of seawater. Subscripts on
the Gibbs function g° indicate partial differentiation. (See Part I, section 3.3.)

(S9) Sal_2 Module
Function call Mathematical formula
sal_act_coeff_si: activity coefficient of salt
sal_act_coeff_si(s,lt, P) )
S=SA=84/(kg kg™ /4
oSl Iy =y+5,0-5,)5F
p=P/Pa
sal_act_potential_si: activity potential
sal_act_potential_si

_ gS(SA,T,P)—gZ(T,P)SA

(s.t,p) 1 =

s=Sx=Sa/(kgkg™) 8,(T)S,
t=7/K ~InS, +In(1-S
e/ A tIn(l-5,)

sal_activity w_si: activity of water in seawater

S _ S
awzexp{g SAgS}
R, T
Rw=R/My
=461.51805 T kg K

sal_chem_coeff_si: chemical coefficient for seawater
sal_chem_coeff_si(s, t, p)

sal_activity_w_si(s, t, p)
s=Sx=Sx/(kgkg™)
t=T/K

p=P/Pa

S=2Sx=5x/(kgkg™) §2
t=T/K AgSS
p=P/Pa

sal_chempot_h20_si: saline part of the chemical potential of water in seawater

sal_chempot_h20_si
(s,t,p)
S=Sy=Sx/(kgkg™")
t=7T/K

p=P/Pa
sal_chempot_rel_si: relative chemical potential
sal_chempot_rel_si

(s,t,p)

S=Sxa=Sx/(kgkg™) ue = g5
t=7T/K

p=P/Pa

p=g"=58,85

Unit

J

kg

Comments
(S9.1)

y is the activity coefficient
v is the activity potential
from (59.2)

(S9.2)

g1 and g, are coefficients
in the expression for g
(e5.2, 3).
See comments for (S9.8).

(S9.3)

Ry is the specific gas
constant of pure water.
See comments for (S9.8).

(S9.4)

See comments for
(59.8).

(S9.5)

See comments for

(S9.8).
(S9.6)

See comments for

(S9.8).
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Table S9 (Sal_2), continued

(S9) Sal_2 Module, cont’d

Function call

Mathematical formula

sal_dilution_si: dilution coefficient

sal_dilution_si(s, t, p)
S=Sx=25x/(kgkg™)
t=T/K

p=P/Pa

D= SAggs

sal_g_si: saline part of the Gibbs function

sal_g_si(l,m,n, s, t,p)
S=Sy=Sx/(kgkg™")
t=T/K

p=P/Pa

a l+m+n

— %S ,T,P
astarapr § Ca TP
88281(T)SAIHSA

7

+> g,(r,P)s, "

i=2

sal_mixenthalpy_si: specific mixing enthalpy

sal_mixenthalpy_si
(s1,s2, w1, t, p)
s1="Ss =S5/ (kgkg™)
S2 =S =San/ (kg kg™)
wi =M1/(M1+M2)
t=T/K

p=P/Pa

Ah“’j"zhs(wlSAl +szA2,T,P)
_Wth(SAl’T’P)
—w,h*(S,,,T,P)

h=g°— Tg?

w,,=1-w,

sal_mixentropy_si: specific mixing entropy

sal_mixentropy_si
(s1,82,wl,t,p)
s1=Ss="S5s/(kgkg ")
S2=Sa = Sar/ (kg kg™)
wi =M1/(M1+M2)
t=T/K

p=P/Pa

Anmix :WIgYS"(SAl’T’P)
+w,g5(S,,,T,P)
_g;(wlsm +W2SA2,T,P)

w, =1-w,

Unit

Jl»nmEn
kg K™

Comments
(S9.7)

See comments for

(S9.8).

(59.8)
[L,m,n>0
[+m+n<2
g is the saline part of
the Gibbs function of
seawater. Its
coefficients g;, i =
1...7, are defined at
level 1.

(S9.9)

A is the enthalpy
associated with the
saline component of
seawater.
M, is the mass fraction
of solution i.
See comments for

(S9.8).
(59.10)

See comments for

(S9.8).
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Table S9 (Sal_2), continued

(S9) Sal_2 Module, cont’d

Function call Mathematical formula Unit Comments
sal_mixvolume_si: specific mixing volume (S9.11)
sal_mixvolume_si

(s1,s2, wl, t, p) A™ :g1s>(W1’SA1 +WZSA2’T’P)

e 1

s1=5w=F8u/(ke ke -1) — 183 (Sy-T-P) m’ See comments for

wil =M, /(M + M) ~W,8p(Sp, T, P) g 8).

t=T/K P -

p=P/Pa

sal_molality_si: molality of seawater (S9.12)

sal_molality_si(s, t, p) S, Ms is the mean molar

S=2Sx=25x/(kgkg™) m= 1— mol mass of sea salt with
(1-S,)Mq —_—

t=7T/K ., kg Reference

o= P/Pa M =31.4038218 gmol Eomposition

sal_osm_coeff _si: osmotic coefficient (S9.13)

sal_osm_coeff_si(s, t, p)

. - ~ . ..
S=SA=8a/(kgkg ) ¢=1+SA(1_SA)3_1// 1 74 1§theact1V1ty
t=7T/K as, potential from (S9.2)
p=P/Pa

sal_saltenthalpy_si: specific enthalpy of seasalt

sal_saltenthalpy_si(s, t, p)
S=Sy=5a/(kgkg™)
t=T/K S,
p=P/Pa

sal_saltentropy_si: specific entropy of seasalt
sal_saltentropy_si(s, t, p)

S:SAzSA/(kg kg_l) n :_&
t=T/K s,
p=P/Pa

sal_saltvolume_si: specific volume of seasalt
sal_saltvolume_si(s, t, p)

S:SAzSA/(kg kg_l) v :&
t=T/K S S,
p=P/Pa

N S
hS:g TgT

(S9.14)

The subscript on A; is
not a derivative.
See comments for
(59.8)

(89.15)
The subscript of #; is
not a derivative.
See comments for
(59.8)
(S9.16)
The subscript of vg is
not a derivative.
See comments for

(S9.8)
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Table S10 (Air_2): Thermodynamic properties of humid air, depending on the mass fraction of
dry air in humid air in kg kg, absolute temperature in K and mass density in kg m™ computed
from the Helmholtz potential 2V (= air_f _si). (See Part I, section 3.4.)

(510) Air_2 Module

Function call Mathematical equation Unit Comments
air_f_si: Helmholtz potential of humid air and its first and second derivatives with respect to the
mass fraction of dry air in humid air, temperature, and humid-air density (S10.1)

0<l,m,n
[+m+n<2
air_f si(l, m, n, a, t, d) I m  is the full
a=A/kgkg™) 9 e ————  Helmholtz function
= l m n f (A’ T’ p) I(mkgnJr . s .
t=T/K 0A'9T"dp for moist air including
d=p/(kgm™) dry air, water vapour
and mixed
contributions
air_f_cp_si: specific isobaric heat capacity (S10.2)
. : 1V is the full
alr_f_Cp_Sl(a_,l'[, 2 ( FAY )2 j Helmholtz function
a=A/(kegkg) c, = PV, ] Ay — for moist air and
t=T/K P 2fN 4 p Ay kgK R,
d=p/kegm™) p » subscripts indicate
=PI partial differentiation
air_f_cv_si: specific isochoric heat capacity (S10.3)
air f cv_si(a, t, d)
a=A/(kgkg™) _ AV J see comment for
c,=-T frr
t=T/K ! kgK (S§10.2)
d=p/(kgm™)
air_f_enthalpy_si: specific enthalpy (S10.4)
air_f_enthalpy_si(a, t, d)
a=A/kg kg_l) i AV AV AV J see comment for
= -T -
t=T/K R A2 ke (510.2)
d=p/(kgm™)
air_f_entropy_si: specific entropy (S10.5)
air_f_entropy_si(a, t, d)
a=A/kg kg_l) AV J see comment for
t=T/K m="J ke K ($10.2)

d=p/(kgm™)
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Table S10 (Air_2), continued

(S10) Air_2 Module, cont'd

Function call Mathematical equation

air_f_expansion_si: thermal expansion
air_f_expansion_si

(at,d) 1(3p
a=A/(kgkg") a=——(5;]
t=T/K P
d=p/(kgm™)

air_f_gibbs_energy_si: specific Gibbs energy
air_f_gibbs_energy_si

(a, t, d)

a=A/(kegke") g =N +p
t=7T/K

d=p/(kgm™)

air_f_internal_energy_si: specific internal energy
air_f_internal_energy_si

(a, t,d)

a=A/(kgkg™) u=fA -1
t=7T/K

d=p/(kgm™)

air_f_kappa_s_si: isentropic compressibility
air_f_kappa_sl_si(a, t, d)

a=A/(kgkg ) ﬁ:l{ﬁﬁj
t=T/K plop
d=p/(kgm™)

air_f_kappa_t_si: isothermal compressibility
air_f_kappa_tl_si(a, t, d)

a=A/(kgkg?) ; _L(G_Pj

AP

A

t=T/K " plop

d=p/(kgm™)

AT

Unit

=

1

Pa

Comments
(510.6)

see comment for
(S§10.2)

(S10.7)

see comment for

(510.2)

(S10.8)

see comment for

(510.2)

(510.9)

n 1s specific entropy

(S10.10)

air_f_lapserate_si: moist (sometimes referred to as "dry")-adiabatic lapse rate (S10.11)

air_f_lapserate_si(a, t, d)

a=A/(kgkg") p:[a_Tj
t=T/K oP
d=p/(kgm™)

An

K

Pa

n 1s specific entropy
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Table S10 (Air_2), continued

(S10) Air_2 Module, cont'd
Function call Mathematical equation Unit Comments

air_f_mix_si: This function implements the cross-component interaction contribution to the
specific helmholtz energy of humid air and its derivatives with respect to the mass fraction of dry

air in humid air, temperature, and humid-air density (510.12)
0<l,m,n

air_f _mix_si [+m+n<2

(, m, n, a,t, Ejl) Qlemen g mix J m* £™* is the cross-

a=A/(kgkg") T 35" Keg™ component

t=7/K ¢ P & contribution to the

d=p/(kgm™) Helmbholtz function for
moist air.

air_f_pressure_si: pressure (S10.13)

air_f_pressurtla_si(a, t, d)

a=A/(kkgkg 2 LAV see comment for

t=T/Ié Bke ) Pty Pa (510.2)

d=p/(kgm™)

air_f_soundspeed_si: sound speed (S10.14)

air_f_soundspeed_si

/g ey B E ot

t=T/K - P S c

d=p/(kgm™)

chk_iapws10_table(): Check routine for the thermodynamic properties of moist air (S10.15)

chk_iapws10_table() accepts numerical arguments of 13 and 14 to produce comparisons of tables
13 and 14 of IAPWS-10, the proposed IAPWS guideline on the representation of moist air in the
presence of seawater and ice, expected to be officially accepted in 2010. Table 13 deals with the
Helmbholtz function for humid air at specified values of the mass fraction of dry air in humid air,
temperature and humid air density. Table 14 deals with air saturated with water vapour. Successive
rows of each table are produced with the published values above and the locally calculated values
below. The published results are shown to the number of digits expected to be reproduced by
double precision code.
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Level 3: Implicit Properties

Table S11 (Flu_3a): This module implements the Gibbs functions for pure liquid water and for
water vapour. We use the abreviations " for f" (T, pW) and f" for f© (T, pY ) The function

f Fis the same in the two cases. (See Part I, sections 4.1, ax4.1.)

(S11) Flu_3a Module

Function call Mathematical equation Unit Comments
get_it_ctrl_density(key): parameter retrieval routine for the iterative solver (S11.1)
get_it_ctrl_density(key)

key is a character string that can

take the values

IT_STEPS, This function returns control parameters as set for the
INIT_LIQ_DENS, iteration method used to compute fluid density from
INIT_VAP_DENS, temperature and pressure. The value associated with key is
TOL_LIQ DENS, returned in the function name get_it_ctrl_density. See the
TOL_VAP_DENS, information on set_it_ctrl_density (below) and comments in
METHOD _LIQ, the code for further information.
METHOD_VAP,

DENS2_LIQ or

DENS2_VAP

lig_density_si: density of liquid water (S11.2)
liq_density_si(t, p) o from solving ke f" is the Helmholtz
t=7T/K Wi W — function for pure fluid
p=P/Pa P = (,0 ) fo m water, liquid or vapour
lig_g_si: Gibbs potential of liquid water (S11.3)
lig_g_si(m, n, t, p) o I 3n

t=T/K gV =fV+pVrY am _gV(T,P) ! = m,n2<02
p=P/Pa oT"oP K"kg m+n<
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Table S11 (Flu_3a) (continued)

(S11) Flu_3a Module cont'd
Function call

Comments

set_it_ctrl_density(key): parameter setting routine for the iterative solver (S11.4)

set_it_ctrl_density(key)

key is a character string that can
take the values

This subroutine allows the user to change the default settings
for the iterative solver used to determine fluid water density
when given temperature and pressure. Default choices that
should generally work are initialized automatically without
calling this function, but users may prefer one of the
alternatives available. The character string "key" is used to

:-l[lT"I'S TLI?CD)SI’DENS determine which function to execute: IT_STEPS allows
INIT VAP DENé maxit to be reset, INIT_LIQ DENS and INIT_VAP_DENS
TOL LIQ DENS ’ allows the intitial values of the liquid and vapour densities to
TOL VAP DENé be reset, TOL_LIQ_DENS and TOL_VAP_DENS allows
METHOD LIQ ’ the convergence criteria to be changed, METHOD _LIQ and
METHOD V AF,’ METHOD_ VAP allows the user to select a different iterative
DENS2 LTQ or ’ solver (Newton, Brent and Secant are available).

DENS2 VAP DENS2 LIQ and DENS2_ VAP allow the user to reset the

— second density estimates when using either Brent or Secant
methods.

vap_density_si: density of water vapour (S11.5)
vap_density_si .
(t ?)7 Y= p" from solving ke fr is the Helmholtz

’ Va2 oV — function for pure fluid
t=T/K P=(p")f m o
0=P/Pa p water, liquid or vapour
vap_g_si: Gibbs potential of water vapour (S11.6)
vap_g_si V_ gV V eV
(m,n, t,p) 8 mf M J7" m* m, n>0
t=T/K " v(r.p) K"kg m+n<2
p=P/Pa oT"9P"
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Table S12 (Sea_3a): Thermodynamic properties of seawater, depending on absolute salinity in
kg kg', absolute temperature in K and absolute pressure in Pa. All quantities here may be

determined directly from g%, the Gibbs potential function for seawater which is composed of a
pure water component, g", expressed in terms of the IAPWS-95 Helmholtz function and a saline
component, g° as in module Sal_2. To use the Helmholtz function in this context, the density of

pure water with the specified temperature and pressure must be determined iteratively as in the
module Flu_3a. (See Part I, section 4.2.)

(S512) Sea_3a Module

Function call Mathematical equation Unit Comments
chk_iapws08_table8a, b, c: Check routines for the thermodynamic properties of seawater
(S12.1)

chk_iapws08_table8a, b, ¢ are rouines that produce comparisons between published results for
seawater and locally calculated results. Table 8a produces comparisons for a variety of
thermodynamic properties at (S, 7, P) = (0.035164 kg/kg, 273.15 K, 101325 Pa). Each property is
compared for the pure water and saline contributions as well as the combined solution. Tables 8b
and 8c compare the corresponding results for (S, 7, P) = (0.1 kg/kg, 353 K, 101325 Pa) and (0.1
kg/kg, 353 K, 10® Pa), respectively. The published results are shown to the number of digits
expected to be reproduced by double precision code.

sea_chempot_h20_si: chemical potential of water in seawater (S12.2)
sea_chempot_h20_si(s, t, p)

s=S8,/(kgkg™) o sw sw 1 g>" is the Gibbs

t=T/K H= 87 = 5a8s, K function (S12.8)
g

p=P/Pa

sea_chempot_rel_si: relative chemical potential of seawater (S12.3)

sea_chempot_rel_si(s, t, p)

s=S8,/(kgkg™) _sw 1 g>" is the Gibbs

t=T/K H=8s, ke function (S12.8)

p=P/Pa

sea_cp_si: specific isobaric heat capacity (S12.4)

sea_cp_si(s, t, p)

s=S,/(kgkg™) 7SV kg ¢>" is the Gibbs

t=T/K €p =1 & ] function (S12.8)

p=P/Pa

sea_density_si: density of seawater (S12.5)

sea_density_si(s, t, p)

s=Sx/(kgkg") P 1 kg g>" is the Gibbs

t=T/K gf,w m> function (S12.8)

p=P/Pa
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Table S12 (Sea_3a), continued

(512) Sea_3a Module, cont'd
Function call

sea_enthalpy_si: specific enthalpy

sea_enthalpy_si(s, t, p)

s=S8,/(kgkg™)

t=7T/K

p=P/Pa

sea_entropy_si: specific entropy

sea_entropy_si(s, t, p)

s=S8,/(kgkg™)

t=7T/K

p=P/Pa

sea_g_si: Gibbs function of seawater

sea_g_si(l, m,n, s, t, p)

s=S,/(kgkg™)

t=7T/K

p=P/Pa

sea_g_contraction_t_si: haline contraction coefficient

1( dv
p= _i(asA Jm

Mathematical equation

h=g™" —Tg;"

n=-g3"

a l+n+m

—¢V(s,.T.P
3s,'ar"ap" ¢ (5,.T.P)

sea_g_contraction_t_si

(s, t,p)

s=S,/(kgkg™) .
t=T/K _ 8
p=P/Pa T gV

sea_g_expansion_t_si: thermal expansion coefficient

l(avj
a=—| —
v\oT Js, »

SW
_ 8rp

SW
8p

sea_g_expansion_t_si(s, t, p)
s=S,/(kgkg")

t=7T/K

p=P/Pa

sea_gibbs_energy_si: specific Gibbs energy
sea_gibbs_energy_si(s, t, p)
s=Sx/(kgkg")

t=T/K

p=P/Pa
sea_internal_energy_si: specific internal energy
sea_internal_energy_si

g=2g"v(S,.T.P)

(s, t, p)

s=S,/(kgkg™) u=g"V —Tg" —pg3V
t=T/K

p=P/Pa

Unit

Jl-n m3n

kg K"

=

kg

Comments
(S12.6)

g>" is the Gibbs
function (S12.8)

(S12.7)

g>" is the Gibbs
function (S12.8)

(S12.8)

,L,m,n>0
[+m+n<?2

(S12.9)

g is the Gibbs
function (S12.8)

(S12.10)

g>" is the Gibbs
function (S12.8)

(S12.11)

Note that
derivatives are
available through
(S12.8)

(S12.12)

¢>" is the Gibbs
function (S12.8)
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Table S12 (Sea_3a), continued

(512) Sea_3a Module, cont'd
Function call Mathematical equation
sea_kappa_s_si: isentropic compressibility

. 1({ dv
sea_kappa_s_si(s, t, p) K,=——|—
s=Sx/(kgkg ) v P s ,

— 2
L‘_YI;/ /Ié,a (e ) - ey
g g
sea_kappa_t_si: isothermal compressibility
(S12.14)

. 1({ dv

sea_kappa_t_si(s, t, p) Ky =——| —
s =S,/ (kgkg™) vioP s, ;
t=T/K gSW
- _8ep
p= P/Pa - SW
8p
sea_lapserate_si: adiabatic lapse rate
sea_lapserate_si(s, t, p) r= (a—Tj
s=S8x/(kgkg ™) oP Js, ,
t=7T/K gSW
—_orpP
p=P/Pa - SW
8rr

sea_osm_coeff_si: osmotic coefficient
sea_osm_coeff_si(s, t, p)
s=Sa/(kgkg™) ~ (¢f-s.g5 )0-5,)
t=T/K 9= S,R,T
p=P/Pa

sea_soundspeed_si: speed of sound
sea_soundspeed_si(s, t, p)

Unit

m
S

Comments
(S12.13)

¢>" is the Gibbs
function (S12.8)

¢>" is the Gibbs
function (S12.8)

(S12.15)

¢>" is the Gibbs
function (S12.8)

(S12.16)

¢" is the saline part of
the Gibbs function,
Rs the specific gas
constant of sea salt
(S12.17)

¢>" is the Gibbs
function (S12.8)

(S12.18)

A local extremum
must be a maximum

s=Sa/(kgke™) e W g

=1/ TR T e

p=P/Pa

sea_temp_maxdensity_si: The temperature of maximum density for specified salinity and
pressure

sea_temp_maxdensity_si Iterative solution of

(s, p) 9208V

s=Sx/(kgkg™) £ _

p=P/Pa JToP
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Table S13 (Air_3a): This module implements the Gibbs potential function required for the
determination of the thermodynamic properties of humid air. This implementation requires the
numerical determination of the air_density in order to make use of the IAPWS-95 Helmholtz
function for pure water. (See Part I, section 4.4.)

(S13) Air_3a Module
Function call

Mathematical equation Unit Comments

air_density_si: humid air density as a function of the mass fraction of dry air in humid air,

temperature and pressure from numerical iteration of the helmholtz function derivative

air_density_si(a, t, p)
a=A/(kgkg™)
t=T/K

p=P/Pa

air_g_si: Gibbs function of humid air and its first and second derivatives

air_g_si(, m, n, a, t, p)
a=A/(kgkg™)
t=7T/K

p=P/Pa

get_it_ctrl_airdensity: get the value of a parameter used for the iterative solver

get_it_ctrl_airdensity(key)

key is a character string that
can take the values
IT_STEPS,
INIT_AIR_DENS,
TOL_AIR_DENSITY,
METHOD_AIR or
DENS2_AIR.

set_it_ctrl_airdensity: set parameters for iterative solution

set_it_ctrl_airdensity
(key, value)

key is a character string that
can take the values
IT_STEPS,
INIT_AIR_DENS,
TOL_AIR_DENSITY,
METHOD_AIR or
DENS2_AIR.

value is a 64 bit variable used
to specify a control parameter
associated with the choice
specified by key

(S13.1)

g™V is the Gibbs

AV _ ( AV )—1 kg function for humid air.
P Er m’ Subscript p indicates

partial differentiation.
(S13.2)

n,m, >0

+m+ 1-n 3n
a[ e J m

— o™(AT,P
aaarrap $ AP o

(S13.3)

This function returns control parameters as set for the iteration
method used to compute humid-air density from mass fraction of
dry air in humid air, temperature and pressure. The value
associated with key is returned in the function name
get_it_ctrl_airdensity. See the information on
set_it_ctrl_airdensity (below) and comments in the code for
further information.

(S13.4)

This subroutine allows the user to change the default settings for
the iterative solver used to determine humid-air density. Default
choices that should generally work are initialized automatically
without calling this function, but users may prefer one of the
alternatives available. The character string "key" is used to
determine which function to execute: IT_STEPS allows maxit
to be reset, INIT_AIR_DENS allows the intitial value of the
density estimate to be reset, TOL_AIR_DENSITY allows the
convergence criterion to be changed, METHOD_AIR allows the
user to select a different iterative solver (Newton, Brent and
Secant are available). DENS2_AIR allows the user to reset the
second density estimate when using either Brent or Secant
methods.
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Table S14 (Flu_3Db): This module contains functions to determine the thermodynamic properties
of liquid water and of water vapour determined from the corresponding Gibbs functions,
depending on absolute temperature and absolute pressure. The relations between the Gibbs and
Helmholtz functions and their derivatives are used to express these quantities in terms of the
Helmholtz function once the density is determined from temperature and pressure. (See Part I,

sections 4.1, ax4.1.)

(S14) Flu_3b Module
Function call Mathematical equation Unit
lig_cp_si: specific isobaric heat capacity of liquid water

lig_cp_si(t, p) w_ P w I
t=T/K e =T 2fW+hW_fTT —
p=P/Pa Lo kgK
lig_cv_si: specific isochoric heat capacity of liquid water
flu_cv_si(t, p) J
t=T/K Y =-TfY —
p=P/Pa gl
lig_enthalpy_si: specific enthalpy of liquid water
lig_enthalpy_si(t, p) j
t=T/K WU=fUI S,
p=P/Pa &
lig_entropy_si: specific entropy of liquid water
lig_entropy_si(t, p) J
t=T/K nY =- fTW —_—
p=P/Pa kgK
lig_expansion_si: thermal expansion coefficient for liquid water
lig_expansion_si(t, p) 1(9

| =S b 1
t=T/K awz——&ﬁ) —
p=P/Pa P P K

lig_gibbs_energy_si: specific Gibbs energy of liquid water
lig_gibbs_energy_si

J
Pk M=ol g
p=P/Pa

lig_internal_energy_si: specific internal energy of liquid water
lig_internal_energy_si

t, J
%:?/K o = ke
p=P/Pa

Comments
(S14.1)

£ is the Helmholtz function
for fluid water with the density
chosen to correspond to liquid
water. Subscripts indicate
partial differentiation.

(S14.2)
See comments for (S14.1)

(S14.3)
See comments for (S14.1)

(S14.4)
See comments for (S14.1)

(S14.5)

(S14.6)
See comments for (S14.1)
(S14.7)

See comments for (S14.1)
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Table S14 (Flu_3b), continued

(S14) Flu_3b Module, cont'd

Function call Mathematical equation Unit
liq_kappa_s_si: isentropic compressibility of liquid water
lig_kappa_s_si(t, p) w_1(0p 1
t =T7T/K Ks - ﬁ -
p=P/Pa P " Pa
lig_kappa_t_si: isothermal compressibility of liquid water
lig_kappa_t_si(t, p) w_1(9p 1
t=T/K K, = P —
p=P/Pa p r Pa
lig_lapserate_si: adiabatic lapse rate for liquid water
lig_lapserate_si(t, p) oT
t=T/K = (5) L
p=P/Pa 7 ka
lig_soundspeed_si: sound speed in liquid water
lig_soundspeed_si )

t p) w_ | Sutp=-Un)f . @
t=T/K STt
p=P/Pa

vap_cp_si: specific isobaric heat capacity of water vapour
vap_cp_si(t, p) V2 J
t=T/K oy =1| 2w o T
p=P/Pa 2fp P :
vap_cv_si: specific isochoric heat capacity of water vapour
vap_cv_si(, p) J
t=T/K ¢’ =-Tf, —
p=P/Pa kgK
vap_enthalpy_si: specific enthalpy of water vapour
vap_enthalpy_si, p) J
t=T/K W' =fY=Tf +pf, -
p=P/Pa &
vap_entropy_si: specific entropy of water vapour
vap_entropy_si(, p) J
t=7T/K n' =-f —
p=P/Pa kgK

Comments
(S514.8)

n is specific entropy

(S14.9)

(S14.10)
n is specific entropy

(S14.11)
See comments for (S14.1)

(S14.12)
£V is the Helmholtz

function for fluid water with
the density chosen to
correspond to water vapour.
Subscripts indicate partial
differentiation.

(S14.13)
See comments for (S14.12)

(S14.14)
See comments for (S14.12)

(S14.15)

See comments for (S14.12)
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Table S14 (Flu_3b), continued

(S14) Flu_3b Module, cont'd

Function call Mathematical equation Unit
vap_expansion_si: thermal expansion coefficient for water vapour
vap_expansion_si(t, p) y 1 (a pj 1
t=7T/K o =——| == —
p=P/Pa pIT ), K

vap_gibbs_energy_si: specific Gibbs energy of water vapour
vap_gibbs_energy_si

J
Pk gV =1 +pl; e
p=P/Pa

vap_internal_energy_si: specific internal energy of water vapour
vap_internal_energy_si

. p) v _ v v 3
t=7/K u =f =Tt e
p=P/Pa

vap_kappa_s_si: isentropic compressibility of water vapour
vap_kappa_s_si(t, p) v 1(op 1
t=T/K KS = _(ﬁj -
p=P/Pa - . Pa

vap_kappa_t_si: isothermal compressibility of water vapour

vap_kappa_t_si(t, p)

t=T/K K!zl(g—ﬁj
p=P/Pa P

r Pa

vap_lapserate_si: adiabatic lapse rate for water vapour

vap_lapserate_si(t, p) T

t=T/K ‘= (B_Pj X
p=P/Pa " Pa
vap_soundspeed_si: sound speed in water vapour
vap_soundspeed_si 7

t’ \% 7\'; = TV v L
’E:pT)/K ¢ Z\/PZf f"‘}v LIS .
p=P/Pa "

Comments
(S14.16)

(S14.17)

See comments for (S14.12)

(S14.18)

See comments for (S14.12)

(S14.19)

n is specific entropy

(S14.20)

(S14.21)

n is specific entropy

(S14.22)

See comments for (S14.12)
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Table S15 (Sea_3b): Thermodynamic properties of seawater, depending on absolute salinity in
kg kg™', entropy in J kg' K™' and absolute pressure in Pa. The quantities here are conveniently
expressed by using the enthalpy 45" as a potential function. (See Part I, sections 4.3, ax4.3.)

(S15) Sea_3b Module

Function call Mathematical equation Unit Comments
sea_h_si: specific enthalpy as a thermodynamic potential for seawater (S15.1)
sea_h_si(l, m, n, s, eta, p)

S = SA /(kg kg—l) al+rn+n sw Jl-m m3n Km |, n, m 2 O
Zil =il 7 — (S, P)
eta=n/Jkg K)) S, on"oP" kg" " l[+n+m<2
p=P/Pa
sea_h_contraction_h_si: haline contraction coefficient with respect to potential enthalpy
(S15.2)
sea_h_contraction_h_si B° = 1 v
(s, eta, p) vi9S, )y p 5 i th :
<5\ /e ke | e
1 entha .
eta=7/(kg' K7 _ I = hghy P
p=P/Pa h, h,f
sea_h_contraction_t_si: haline contraction coefficient (S15.3)
sea_h_contraction_t_si sl ( v }
(S’_eta’ P) -1 G h is the enthalpy of
S=5a/(kgke ) . seawater (S15.1)
eta=n/J kg’ K _ hyphsy — splty, '
p=P/Pa hphy,
sea_h_contraction_theta_si: haline contraction coefficient with respect to potential temperature
(S15.4)
sea_h_contraction_theta_si - 1 ( v j
s, eta, a : :
( — D) =l v aS, o.P h’ is the potential
I=th el ) 0 0 : thalpy (S15.9
eta=7/( kg K _ Tuphg, = hsphy, enthalpy (515.9)
p=P/Pa hyhy,
sea_h_expansion_h_si: thermal expansion coefficient with respect to potential enthalpy
(S15.5)
sea_h_expansion_h_si
S, eta, . .
( _ P) -1 w1 0v. _ hye kg h? is the potential
eta=17/0 kg_1 K v sop Nply J enthalpy (S15.9)

p=P/Pa
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Table S15 (Sea_3b), continued

(S15) Sea_3b Module, cont'd

Function call
sea_h_expansion_t_si: thermal expansion coefficient
sea_h_expansion_t_si

(S, eta! p) R r_ 1( Jv _ th

s=S8a/(kgkg ) o =37 =

eta=7/Jkg' K sap el
p=P/Pa

Mathematical equation

Unit

1

K

Comments
(S15.6)

h is the enthalpy of

seawater (S15.1)

sea_h_expansion_theta_si: thermal expansion coefficient with respect to potential temperature

sea_h_expansion_theta_si

(s, eta, p) 1 . 1(ov hp
s=Sa/(kgkg ) a = (@j
eta=7/(Jkg' K SaP
p=P/Pa

sea_potdensity_si: potential density
sea_potdensity_si(s, t, p, pr)
s=Sx/(kgkg™) ,
t=7T/K P
p=P/Pa

pr=P./Pa

v

o

"o

=

sea_potenthalpy_si: potential enthalpy referenced to the sea surface

sea_potenthalpy_si

(Ss ts ps pr) ha:hSW(SA’n’[)r)
. -1

ts—_ 7‘??{( (kg kg ) with 7 from

p=P/Pa n=-g;" (S,.T,P)

pr=P,/Pa

sea_pottemp_si: potential temperature
sea_pottemp_si(s, t, p, pr)
s=Sx/(kgkg™)

t=7T/K with # from

p=P/Pa sw
pr=P./Pa n=-8r (SA’T’P)

sea_temperature_si: absolute temperature
sea_temperature_si
(s, eta, p)
s=S,/(kgkg™)
eta=n/J kg’ K
p=P/Pa

9=h$W(SA,77,1’I~)

T(S,.1.P)
from solving

ﬂ:_gIS"W(SA’T’P)

(S15.7)

h? is the potential
enthalpy (S15.9)

(S15.8)
P, is the absolute
reference pressure
(usually 101325
Pa, at the sea
surface)

(S15.9)

P, =101325 Pais
the sea surface
pressure

(S15.10)

0 is the absolute
potential
temperature

(S15.11)
T is the in-situ
temperature of
seawater from
salinity, entropy
and pressure
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Table S15 (Sea_3b), continued

(S15) Sea_3b Module, cont'd
Function call Comments
set_it_ctrl_pottemp: set parameters for Newton iteration (S15.12)

set_it_ctrl_pottemp(key, value)
This subroutine allows the user to specify details regarding
key: a character string that can take  the iterative solver used to determine seawater temperature

the values from entropy. Default choices that should generally work
IT_STEPS, are initialized automatically without calling this function,
INIT_THETA or but users may prefer one of the alternatives available. The
TOL_THETA. character string key is used to determine which function to
execute: IT_STEPS allows maxit to be reset,
value: a real*8 variable used to INIT_THETA allows the initial value of the primary
specify a control parameter temperature estimate to be reset, TOL_THETA allows the
associated with the choice specified convergence criterion to be changed.
by key

Table S16 (Air_3b): Thermodynamic properties of humid air in terms of the mass fraction of dry
air in humid air in kg kg™, the absolute temperature in K and the pressure in Pa. The quantities
here are all conveniently expressed in terms of the Gibbs potential function (S16.9). (See Part I,
section 4.4.)

(S516) Air_3b Module

Function call Mathematical equation Unit Comments
air_g_chempot_vap_si: chemical potential of vapour in humid air (S16.1)
: , g™V is the Gibbs
air_g_chempot_vap_si(a, t, p) . .
a=A/ (ke kg’l) g™ J function for m01st.a1r
gt —A — (S13.2) and subscripts
t=7T/K A kg L i
—P/Pa indicate partial
P= differentiation.
air_g_compressibilityfactor_si: compressibility factor for moist air (S16.2)
air_g_compressibilityfactor_si P
a=A/(keke") P Ky 1 Rav is the spemﬁc gas
1-A A constant for moist air.
t=T/K RAV:R{w"' A}
p=P/Pa M= M
air_g_contraction_si: contraction coefficient of humid air (S16.3)
air_g_contraction_si(a, t, p) v
a=A/(kg kg‘l) B 8 ap kg see comments for
t=T/K - g2 kg (S16.1)
p=P/Pa
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Table S16 (Air_3b), continued

(S16) Air_3b Module, cont'd

Function call Mathematical equation Unit Comments
air_g_cp_si: specific isobaric heat capacity of humid air (S16.4)
air_g_cp_si(a, t, p)
a=A/(kgkg™) gAY R see comments for
t=T/K r= T8 kgK (S16.1)
p=P/Pa
air_g_cv_si: specific isochoric heat capacity of humid air (S16.5)
air_g_cv_si(a, t, p) ,
a=A/kg kg‘l) ¢ =T (gg,v) - gfv}vgﬁ;’ 3 see comments for
t=T/K v gny kgK (S16.1)
p=P/Pa
air_g_density_si: density of humid air (S16.6)
air_g_density_si(a, t, p)
a=A/(kgkg") e s e kg see comments for
t=T/K P =(g) m (S16.1)
p=P/Pa
air_g_enthalpy_si: specific enthalpy of humid air (S16.7)
air_g_enthalpy_si(a, t, p)
a=A/(kgkg") he oA LAV J see comments for
t=T/K S T ke (S16.1)
p=P/Pa
air_g_entropy_si: specific entropy of humid air (S16.8)
air_g_entropy_si(a, t, p)
a=A/lkgkgh) Ay 3 see comments for
t=T/K 1="8r kgK (S16.1)
p=P/Pa
air_g_expansion_si: thermal expansion of humid air (S16.9)
air_g_expansion_si(a, t, p)
a=A/(kgkg") a=38 w 1 see comments for
t=T/K g5 K (S16.1)
p=P/Pa
air_g_gibbs_energy_si: Gibbs energy of humid air (S16.10)

: : . g *Vis the full Gibbs
air_g_gibbs_energy_si . ,
(a t, p) I energy including dry
a=A/(kgkg") g™ ~ air, vapour and mixed
t=T/K kg contributions. Note
p=P/Pa derivatives are given by

(S13.2).
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Table S16 (Air_3b), continued

(S16) Air_3b Module, cont'd

Function call Mathematical equation Unit Comments
air_g_internal_energy_si: specific internal energy of humid air (S16.11)
air_g_internal_energy_si
(aa,ztf’ls)(kg k™) 4= g™ TV _ pghV J see comments for
= T/K kg (S16.1)
p=P/Pa
air_g_kappa_s_si: isentropic compressibility of humid air (S16.12)
air_g_kappa_s_si(a, t, p) )
a=A/kg kg’l) = (gﬁpv) —gnigny 1 see comments for
t=T/K & gy gty Pa (S16.1)
p=P/Pa
air_g_kappa_t_si: isothermal compressibility of humid air (S16.13)
air_g_kappa_t_si(a, t, p)
a=A/(kgkg") c = — o 1 see comments for
t=T/K re gy K (S16.1)
p=P/Pa
air_g_lapserate_si: dry-adiabatic lapse rate of humid air (S16.14)
air_g_lapserate_si(a, t, p)
a=A/kg kg‘l) =_ ﬁ K see comments for
t=T/K gy Pa (S16.1)
p=P/Pa
air_g_soundspeed_si: sound speed in humid air (S16.15)
air_g_soundspeed_si(a, t, p)
a=A/(kgkg") c=g? g m see comments for
S S TV (e V —aien s Sl
p=P/Pa
chk_Lemmon_etal(): Check routine for the thermodynamic properties of moist air (S16.16)

chk_ Lemmon_etal () accepts arguments of 1 and 2 to produce comparisons corresponding to the
dry-air Helmholtz and Gibbs functions, respectively, based on the results tabulated by Lemmon et
al. (2000). In each case, results for pressure, internal energy, entropy, specific heat capacities and
sound speed are printed out. Successive rows of each table are printed out with the published
values above and the locally calculated values below. The Lemmon et al. results include roundoff
errors that make them sub-optimal as check values. Preferred check values are given by
chk_iapws10_table, (S10.15).
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Table S17 (Sea_3c): Thermodynamic properties of seawater, depending on absolute salinity in
kg kg™', alocal pressure P, a reference pressure P;, each in Pa, plus one other quantity from the
four possibilities temperature, potential temperature (7 or 6, each in K), enthalpy or potential
enthalpy (4 or h’ , eachinJ kg™"). A character string key is used to specify which of these four
possibilities is used as an input for a particular application. The quantities here are conveniently

expressed by using the enthalpy A%V as a potential function. (See Part I, sections 4.3, ax4.3.)

(S17) Sea_3c Module
Function call

Mathematical equation

Comments

sea_eta_contraction_h_si: haline contraction coefficient at constant potential enthalpy

sea_eta_contraction_h_si

(s, X, p, pr, key)
s=S,/(kgkg")

p=P/Pa
pr=P./Pa

B° __If v
v S, ) p
_ Iyghd — gy
hPh:

(S17.1)

n is entropy, computed
from input X which
depends on the value of
key as given below

Options for key =T s T is in-situ absolute
key and X x=T/K n=-g;" (S,.7,P) temperature

key = TPOT sw 0 is absolute
They x=60/K n==8r (s L ) potential temperature
determine key = H 1 from solving h is in-situ specific
ggzrir?nliiled in X=h/( kg_l) h=h" (S AT P ) enthalpy
column 2 key = HPOT n from solving o - .

- h tential enthal

above. x=h"/(J kg h® =h*"(S,.7,P.) 15 POTEITIE TRy

sea_eta_contraction_t_si: haline contraction coefficient (at constant in-situ temperature)

sea_eta_contraction_t_si

(S, X, p, pr, key)
s=S,/(kgkg™)

1( a9v
/”-‘;(EL

(S17.2)

n is entropy, computed
from input X which
depends on the value of

p=F/Pa = ol Vit key as given below
pr=P./Pa hph,,
Options for key=T sw T is in-situ absolute
key and x x=T/K n=-g;" (S,.T.P) temperature

key = TPOT sw 0 is absolute
They x=0/K N=-8r (s a>0s R) potential temperature
determ}ne key =H n from solving h is in-situ specific
hownis —— y_p7gke™) h=h"(S,.n.P) enthalpy
determined in
column 2 key = HPOT 5 from solving . .

- h tential enthal

above. x=h'/J kg™ B =1Sv(S, ., P) s potential enthalpy
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Table S17 (Sea_3c), continued

(517) Sea_3c Module, cont’d
Function call

Mathematical equation

Unit Comments

sea_eta_contraction_theta_si: haline contraction coefficient at constant potential temperature

sea_eta_contraction_theta_si B = 1 ov

(s, X, p, pr, key) v(9S, /.,

s=3Sa/(kgkg™") , .

p=P/Pa _ sy Pyp = hsphy,

pr=P,./Pa hph,}g,,

Options for key =T s

key and x x=T/K 77=_gTW(SA’T’P)
key = TPOT

determ'ine key =H n from solving

hownis — xop/akeg? h=h™"(S,.7.P)

determined in

column 2 key = HPOT n from solving

above. x=h"/J kg™ h’ =hr¥"(s,,n.P)

sea_eta_density_si: density (in-situ)
sea_eta_density_si

(s, h, p, pr, ke);) 1

: - ~IS'JA//P(;<8 kg™) P WY (S, .7.P)
pr=P./Pa

Options for key = H n from solving
key and h h=h/J kg h=h"v(S,.n.P)
They

determine )
how 7 is key = HF’OI n from solving
determinedin ~ N=/""/Jkg") h’ =n*v(S,.n,P)
column 2

above.

sea_eta_entropy_si: specific entropy (from enthalpy or potential enthalpy)

sea_eta_entropy_si(s, h, p) n from solving
s=Sx/(kgkg") h=h"(S,.n.P)
h=h/Jkg" or
p=P/Pa ha:hSW(SA,ﬂ,R)

(S17.3)

n is entropy, computed

1 from input X which
depends on the value of

key as given below

T 1is in-situ absolute
temperature

0 is absolute
potential temperature

h is in-situ specific
enthalpy

h’ is potential enthalpy

(S17.4)

1 is entropy, computed
s from input h which
—  depends on the value of
key as given below

h 1is in-situ specific
enthalpy

h? is potential enthalpy

(S17.5)

J
o Either (h. P)or ', P
& can be used as input
parameter pair
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Table S17 (Sea_3c), continued

(S17) Sea_3c Module (cont’d)

Function call Mathematical equation Unit Comments

sea_eta_expansion_h_si: thermal expansion coefficient with respect to potential enthalpy

sea_eta_expansion_h_si
(s, X, p, pr, key)

N l(av]
a'=—| —
v oh® Js »

(S17.6)

n is entropy, computed

. 2 kg from input X which
; _ f;A//P(;( gke) h,p J depends on the value of
3 = key as given below
pr=P./Pa hph! yasg

Options for key=T sw T is in-situ absolute
key and x x=T/K n=-g;" (S..T.P) temperature

key = TPOT sw 0 is absolute
They x=60/K N=-8r (s A>0s R) potential temperature
determ'lne key=H n from solving h is in-situ specific
how 7 Is x=h/(J kg™ h=h""(S,.1.,P) enthalpy
determined
in column 2 key = HPOT n from solving h? is potential
above. x=h"/J kg™ h’ =™ (S,.n.P) enthalpy

sea_eta_expansion_t_si: thermal expansion coefficient (with respect to in-situ temperature)

sea_eta_expansion_t_si
(s, X, p, pr, key)

=
v\dT Jg »

(S17.7)

n is entropy, computed

il 1 from input X which

_ I 1

; _ iA/é(j gke’) R, K  depends on the value of
pr=P./Pa - hoh,, key as given below

Options for key =T sw T is in-situ absolute
key and x x=T/K n=-g;" (S,.T.P) temperature

key = TPOT sw 0 is absolute
They x=0/K Nn=-8r (s L R) potential temperature
determine key =H i from solving h is in-situ specific
hownis  x=h/(Ukg)) h=h" (S, .1, P) enthalpy

etermined in

column 2 key = HPOT n from solving . .
above. x=h'/ (T kg™ 1 =i (s,.7.P) h” is potential enthalpy

40



Table S17 (Sea_3c), continued

(S17) Sea_3c Module (cont’d)

Function call Mathematical equation Unit Comments
sea_eta_expansion_theta_si: thermal expansion coefficient with respect to potential
temperature (S17.8)
sea_eta_expansion_theta_si o 1{0v . d
s, X, p, pr, key) o’ =— EY: 7 is entropy, compute

e v SarP 1 from input X which
s=Sr/(kgkg) - | d he value of
0=P/Pa _ h,p K eEen sont el\)/alueo
or = P, /Pa I, h,(;,, ey as given below
Options for key=T sw T is in-situ absolute
key and x x=T/K n=-g;" (5,.T.P) temperature

key = TPOT sw 0 is absolute
They x=0/K N=-8r (s a>0s R) potential temperature
determ'lne key =H n from solving h is in-situ specific
hownls — y—p7akg") h=h"(S,.1,P) enthalpy
determined in
column 2 key = HPOT 5 from solving o .
above. x=h'/ (T kg™ B =1V (S, .n,P) h” 1is potential enthalpy
sea_eta_potdensity_si: potential density (from enthalpy or potential enthalpy) (S17.9)
sea_eta_potdensity_si 65 i, s
s =S / (kg kg_l) p= F rom 1nput N whic
D= PA  Pa (S, .1, P) depends on the value of
or = P,/ Pa key as given below
Options for '
key and h key=H n from solving h is in-situ specific
h=h/(Jkg") h=hn""(S,.n,P) enthalpy
They
determine
how 7 is
Y key = HPOT n from solving . .
determined in 0 -1 h? is potential enthalpy
column 2 h=h"7kg") h’ =h™(S,.n,P)
above.
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Table S17 (Sea_3c), continued

(S17) Sea_3c Module (cont’d)

Function call Mathematical equation Unit Comments
sea_eta_pottemp_si: potential temperature (from enthalpy or potential enthalpy) (S17.10)
SEELEIEL PO £l n is entropy, computed
& I, [2y o1 1507 1 from input h which
s=Sa/(kgkg ™) e— e T
0=P/Pa h, (s 7. P) depends on the value of
or = P,/ Pa key as given below
Options for
key and h key =H n from solving h is in-situ specific

h=h/Jkg") h=hn"(S,.n,P) enthalpy
They
determine
how 7 is key = HPOT R il
determined in _ /7 LTOM SOIVINgG 93 ntial enthal
o h=#"/0 ke W =1V(s,.n,P) h” 1is potential enthalpy
above.
sea_eta_temperature_si: temperature from entropy as the thermodynamic potential (as a
function of enthalpy or potential enthalpy) (S17.11)
sea_eta_temperature_si s iy, e
;S’z g’Ap/’ g{; 15?% T=-— 1 K from input h which
o=P/Pa h, (s /2 P) depends on the value of
or = P, /Pa key as given below
Options for
key and h key =H i from solving h is in-situ specific
h=h/(Jkg") h=h™(S,.1,P) enthalpy
They
determine
how 7 is key = HPOT Riotin it
determined in _ /7 LTOM SOIVINgG Y] i
o h=hr'/Q ) P (SA,n,R) h” is potential enthalpy
above.
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Table S17 (Sea_3c), continued

(S17) Sea_3c Module (cont’d)
Function call Comments
set_it_ctrl_entropy: set parameters for Newton iteration (S17.12)

This subroutine allows the user to specify
details regarding the iterative solver used to

set_it_ctrl_entropy(key, value) determine seawater entropy from enthalpy.
Default choices that should generally work are
key: a character string that can take the values initialized automatically without calling this
IT_STEPS, function, but users may prefer one of the
MODE_ETA, alternatives available. The character string key
INIT_ETA or is used to determine which function to execute:
TOL_ETA. IT_STEPS allows maxit to be reset,
MODE_ETA set to 0 or 1 decides whether (0)
value: a real*8 variable used to specify a the default rather than (1) the value set by
control parameter associated with the choice INIT_ETA should be used, INIT_ETA allows
specified by key the initial value of the primary entropy estimate

to be reset, TOL_ETA allows the convergence
criterion to be changed.

Table S18 (Air_3c): Thermodynamic properties of humid air determined from the enthalpy as a
thermodynamic potential function. (See Part I, section 4.5.)

(S18) Air_3c Module

Function call Mathematical equation Unit Comments
air_h_si: this function implements enthalpy as a thermodynamic potential of humid air,
depending on the dry-air mass fraction, entropy and pressure (S18.1)
air_h_si(l, m, n, a, eta, p) Ikm,+nn2<02

= A k k ~1 al+m+n Jl—m-n 3n >~
a=A/(kgkg _1) . —— V(AP ol h*V is the Helmholtz
eta=n/Jkg K) 0A'on"oP kg'™K™ . o
potential for moist air.
p=P/Pa .

n is entropy.
air_potdensity_si: potential density of humid air (S18.2)
air_potdensity_si(a, t, p, pr) “ . g™V is the Gibbs
a=A/(kegke ) Py =1 (A7, P)) . potential (S13.2).
t=7T/K with # from —% 7 1s entropy.
p=P/Pa _ AV LU P, is the reference
pr=P./Pa n=-g;" (AT.P) pressure.
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Table S18 (Air_3c), continued

(S18) Air_3c Module, cont'd

Function call

air_potenthalpy_si: potential enthalpy of humid air

air_potenthalpy_si
(@t p, pr
a=A/(kgkg™)
t=T/K

p=P/Pa
pr=P./Pa

air_pottemp_si: absolute potential temperature of humid air in Kelvin

air_pottemp_si(a, t, p, pr)
a=A/(kgkg")

t=T/K

p=P/Pa

pr=P./Pa

Mathematical equation Unit Comments
(S18.3)
h®=h*(An,P)
with » from J See comments for
7 ke (S18.1) and (S18.2)
n=-gr (AT.P)
(S18.4)

T, = h,;W (A’U’R)
See comments for

with 7 from K (S18.1) and (S18.2)

n=-gr (A,T,P)

air_temperature_si: absolute temperature of humid air obtained as the solution of

air_g_entropy_si(a, t, p) = eta for specified a, p and eta

air_temperature_si

(a, eta, p)
a=A/(kgkg")
eta=7/(J kg K
p=P/Pa
set_it_ctrl_air_pottemp
set_it_ctrl_air_pottemp
(key, value)

key is a character string that
can take the values:
IT_STEPS,

INIT_THETA or
TOL_THETA.

value is a 64 bit variable used
to specify a control parameter
associated with the choice
specified by key

(S18.5)

_ AV
T =h(An,P)
See comments for

ith 7 f
Wity from K (S18.1) and (S18.2)

n=-g" (AT,P)
(S18.6)

This subroutine sets control parameters for the Newton
iteration used to compute potential temperature corresponding
to a specified reference pressure. Comments in the subroutine
supply detailed information. Default values that should work

are used if this routine is not called.
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Table S19 (Sea_3d): This module provides an iterative inverse solution for absolute salinity
given temperature in K, pressure in Pa and in situ density in kg m™. The solution is determined by
a Newton iterative scheme. Since the resulting salinity is determined from density, we have
referred to it as the "density salinity". If the water sample has the Reference Composition (Millero
et al., 2008), then the resulting salinity will be the Reference Salinity. The default upper limit on
salinity is 50 g kg™'. At atmospheric pressure, it may be extended to 70 g kg™ by setting the
constant IsExtension2010 equal to TRUE. (See Part I, e4.1.7)

(S519) Sea_3d Module

Function call Mathematical equation Unit Comments
sea_sa_si: absolute salinity (S19.1)
' S i .
sea_sa_si(t, p, d) = Thll's 'dinsuy
t=T/K from solving salinity” can
=P/Pa kg estimate the
8 - / (kg m™) pP= SW; kg absolute salinity of
PO gr (8,.7,P) non-standard
seawater, too
set_it_ctrl_salinity: set parameters for Newton iteration (S19.2)

This subroutine allows the user to specify
details regarding the iterative solver used to
determine seawater salinity from density.
Default choices that should generally work

set_it_ctrl_salinity(key, value)

key: a character string that can take the values

initializ omatically with Ilin
IT_STEPS, are‘ tia 'ed automatically without calling
this function, but users may prefer one of
INIT_SA or . .
TOL SA the alternatives available. The character

string key is used to determine which
function to execute: IT_STEPS allows
maxit to be reset, INIT_SA allows the
initial value of the primary salinity estimate
to be reset, TOL_SA allows the
convergence criterion to be changed.

value: a real*8 variable used to specify a control
parameter associated with the choice specified by
key
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Level 4: Phase Equilibrium Properties

Table S20 (Lig_Vap_4): Thermodynamic properties in vapour-liquid equilibrium. Equilibrium
conditions are determined by calling either set_liq_vap_eq_at_p or set_liq_vap_eq_at _t. The
computed state variables 7, PW, PV, gw, gV, pW, pV are saved when one of these commands is
called and are then used for subsequent parameter-free function calls. These state variables remain
available until different conditions are imposed. For convenience, selected frequently used
functions are called with input parameters so that the appropriate set_ command is called
internally to compute the equilibrium before determining the requested result. The state variables

are also saved for subsequent use in this case. (See Part I, sections 5.1, ax5.1.)

(S20) Liq_Vap_4 Module

Function call Mathematical equation Unit Comments
chk_iapws95_table8: Check routine for the thermodynamic properties of pure liquid water in
equilibrium with pure water vapour. (S20.1)

chk_ iapws95_table8 produces a comparison of locally calculated results with those published in
Table 8 of [APWS-95 at the vapour pressure for specified temperatures. Values of pressure,
density, enthalpy and entropy are compared for temperatures of 275 K, 450 K and 625 K. The
published results are shown to the number of digits expected to be reproduced by double precision
calculations.

lig_vap_boilingtemperature_si: boiling temperature at specified pressure (S20.2)
lig_vap_boilingtemperature_si(p) T from the state
T K .
p=PFP/Pa variables
lig_vap_chempot_si: chemical potential (S20.3)
J Vv
lig_vap_chempot_si() g’ — & frorfn the state
kg variables
lig_vap_density_lig_si: density of liquid water (S20.4)
: o : k W
lig_vap_density_liq_si() oV —% P fror.n LGRS
m variables
lig_vap_density_vap_si: density of water vapour (520.5)
v
lig_vap_density vap_si() p’ k—% P fror.n the state
m variables
lig_vap_enthalpy_evap_si: specific evaporation enthalpy of water (S20.6)
AR =TFA(T, p¥ J v v
lig_vap_enthalpy_evap_si() {T ( /\z ) o | g o
—-Tf, (T, p") kg the state variables
lig_vap_enthalpy_lig_si: specific enthalpy of liquid water (S20.7)

J T, gVand p" from
hW — W _ T F (T, W ) —— ? g p
8 I P kg the state variables

lig_vap_enthalpy_lig_si()
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Table S20 (Lig_Vap_4), continued

(S20) Liq_Vap_4 Module, cont'd

Function call Mathematical equation Unit Comments
lig_vap_enthalpy_vap_si: specific enthalpy of water vapour (S20.8)
: : J T, g"and p" from
lig_vap_enthalpy_vap_si hY =g =Tf; (T, p") — i
qvap_ Py_vap_si( 8 I @.p kg the state variables
lig_vap_entropy_evap_si: specific evaporation entropy of water (S520.9)
, , J T, p¥ and p" from
lig_vap_entropy_evap_si = (AT, o)~ fF(T.pY) —— > P
qvap_entropy_evap si0 7" =T PN FFAP) e PP
lig_vap_entropy_liq_si: specific entropy of liquid water (S20.10)
: L J T and p" from the
lig_vap_entropy_liq_si V=—fiT, pv —
q-vap_ Py_liq_si) 4 frd.p") kgK state variables
lig_vap_entropy_vap_si: specific entropy of water vapour (S20.11)
: : J Tand p" from
lig_vap_entropy_vap_si V=—fNT,p" —
q-vap_ Py_vap_si0 4 frid.p7) kgK the state variables
liq_vap_pressure_liq_si: pressure of the liquid from a previous determination of equilibrium
conditions (S20.12)
W
. . . W P" from the state
lig_vap_pressure_lig_si() P Pa variables
liq_vap_pressure_vap_si: pressure of the vapour from a previous determination of equilibrium
conditions (S20.13)
\%
, . v P from the state
lig_vap_pressure_vap_si() P Pa variables
lig_vap_temperature_si: temperature (S20.14)
, . T from the state
lig_vap_temperature_si() T K variables
lig_vap_vapourpressure_si: vapour pressure at the specified T (S20.15)
lig_vap_ vapourpressure_si(t) Y Pa P" from the state
t=7T/K variables
lig_vap_volume_evap_si: specific evaporation volume (S20.16)
€vaj 1 1 3 W v
liq_vap_volume_evap_si() Vi =——-— = p~and p ,fmm
p P kg the state variables
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Table S20 (Lig_Vap_4), continued

(S20) Liq_Vap_4 Module, cont'd

Function call Mathematical equation Unit Comments
set_lig_vap_eq_at_p: Set module to determine liquid-vapour equilibrium at given pressure
(S20.17)
Solve - -
, v W eturns the
:ezt—}l)l 95\;ap—eq—at—p(p) ) 8" (T, P): g"(T.P) ErrorReturn value if
with P specified and store unsuceessful

state variables
set_lig_vap_eq_at_t: Set module to determine liquid-vapour equilibrium at given temperature

(S20.18)
Solve
set_liq_vap_eq_at_t(h g'(T.P)=g"(T.P) Erroi{l{e::ltlli?r? Eft;?ue if
t=T/K with T specified and store msTEeessl
state variables
set_it_ctrl_lig_vap (S20.19)

sl 1L il il vepeilaer, velle) This subroutine allows the user to specify details regarding

key: a character string that can take the iterative solver used to determine the equilibrium of
the values water vapour with liquid water. Default choices that should
IT_STEPS, generally work are initialized automatically without calling
INIT_LIQ_DENS, this function, but users may prefer one of the alternatives
INIT_VAP_DENS, available. The character string key is used to determine
INIT_TEMP or which function to execute: IT_STEPS allows maxit to be
TOL_VAP_PRESS. reset, INIT_LIQ_DENS, INIT_VAP_DENS and

INIT_TEMP allow the initial estimates of the liquid
density, vapour density and temperature to be reset,
TOL_VAP_PRESS allows the convergence criterion to be
changed for vapour pressure.

value: a real*8 variable used to
specify a control parameter
associated with the choice specified
by key
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Table S21 (Ice_Vap_4): Thermodynamic properties of the sublimation (i.e. ice-vapour)
equilibrium. Equilibrium conditions are determined by calling either set_ice_vap_eq_at_p or
set_ice_vap_eq_at_t. The computed state variables T, P, g, g", p™, p" are saved when one of
these commands is called and are then used for subsequent parameter-free function calls. These
state variables remain available until different conditions are imposed. For convenience, selected
frequently used functions are called with input parameters so that the appropriate set_ command
is called internally to compute the equilibrium before determining the requested result. The state
variables are also saved for subsequent use in this case. (See Part I, sections 5.3, ax5.3.)

(S21) Ice_Vap_4 Module
Function call

ice_vap_chempot_si()

available after specifying the

equilibrium state conditions

ice_vap_density_ice_si: density of ice

ice_vap_density_ice_si()

available after specifying the

equilibrium state conditions

ice_vap_density_vap_si: density of water vapour

ice_vap_density_vap_si()

available after specifying the

equilibrium state conditions

ice_vap_enthalpy_ice_si: specific enthalpy of ice
ice_vap_enthalpy_ice_si()
available after specifying the

equilibrium state conditions

ice_vap_enthalpy_subl_si : specific sublimation enthalpy
AR =Tg (T, P)

_Tf TF (T’ Y ¥ )
ice_vap_enthalpy_vap_si: specific enthalpy of water vapour

ice_vap_enthalpy_vap_si()
available after specifying the

ice_vap_enthalpy_subl_si(t)

t=7T/K

equilibrium state conditions

ice_vap_entropy_ice_si: specific entropy of ice

ice_vap_entropy_ice_si()

available after specifying the

equilibrium state conditions

ice_vap_entropy_subl_si : specific sublimation entropy
AT = (7. P)
- f TF (T’ P ¥ )

ice_vap_entropy_subl_si(t)

t=7T/K

Mathematical equation
ice_vap_chempot_si: chemical potential

W =g" Ty (T,P)

BV =gV —TfTF(T,pV)

Unit

Comments
(S21.1)

gIh is a state variables
(S21.2)

p™ is a state variable
(S21.3)

p" is a state variable

(S21.4)

g]h, T and P are state
variables

(S21.5)
P and pV are state
variables obtained with the
specified T
(S21.6)

T, P, gV and pV are state
variables

(S21.7)
T and P are state variables

(S21.8)

P and pV are state
variables obtained with the
specified T
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Table S21 (Ice_Vap_4), continued

(S21) Ice_Vap_4 Module, cont'd

Function call Mathematical Unit
equation
ice_vap_entropy_liq_si: specific entropy of water
ice_vap_entropy_vap_si() J
available after specifying the —fr (T , pv) kg—K

equilibrium state conditions
ice_vap_pressure_vap_si: pressure of water vapour

ice_vap_pressure_vap_si()
available after specifying the P Pa
equilibrium state conditions

ice_vap_sublimationpressure_si: absolute pressure at specified T

ice_vap_sublimationpressure_si(t)

t=T/K i =

ice_vap_sublimationtemp_si: absolute temperature at specified P

ice_vap_sublimationtemp_si(p)

p=P/Pa T K

ice_vap_temperature_si: absolute temperature

ice_vap_temperature_si()
available after specifying the T K
equilibrium state conditions

ice_vap_volume_subl_si : specific sublimation volume

ice_vap_volume_subl_si(t) AV =1/ p" m*

(=078 87 (T.P) ke

set_ice_vap_eq_at_p: Set ice-vapour equilibrium at given pressure
Solve

set ice vap eq at p (p) g™ (T,P)=g"(T,P)

p=P/Pa with P specified and

store state variables
set_ice_vap_eq_at_t: Set ice-vapour equilibrium at given temperature

Solve
set_ice_vap_eq_at_t (1) g"™(T,P)=g"(T,P) )
t=7T/K with T specified and

store state variables

Comments
(S21.9)

T and pw are state
variables

(S21.10)
P is a state variable

(S21.11)
P is a state variable
obtained with the
specified T
(S21.12)
T is a state variable
obtained with the
specified P
(S21.13)

T is a state variable

(S21.14)

P and pv are state
variables obtained with
the specified T

(S21.15)

Returns the
ErrorReturn value if
unsuccessful

(S21.16)

Returns the
ErrorReturn value if
unsuccessful
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Table S21 (Ice_Vap_4), continued

(S21) Ice_Vap_4 Module, cont'd

Function call Comments
set_it_ctrl_ice_vap: set parameters used by the iterative solver routine (S21.17)
set_it_ctrl_ice_vap
(key, value) This subroutine allows the user to specify details regarding

the iterative solver used to determine the equilibrium of water

T v elbunier sl it e vapour with ice. Default choices that should generally work

take the values . . . . )

are set automatically without calling this routine, but users
IT_ STEPS, INIT_VAP_DENS, ) )
INIT TEMP or may prefer one of the alternatives available. The character

string key is used to determine which function to execute:

TOL_VAP_PRESS. IT_STEPS allows maxit to be reset, INIT_VAP_DENS and

value: a real*8 variable used to INIT_TEMP allow the initial estimates of the vapour density
specify a control parameter and temperature to be reset, TOL_VAP_PRESS allows the
associated with the choice convergence criterion to be changed for vapour pressure.
specified by key
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Table S22 (Sea_Vap_4): Thermodynamic properties of the seawater-vapour equilibrium.
Equilibrium conditions are determined by calling one of set_sea_ice_eq_at_s_p,

set sea_ice eq at s torset sea ice_eq at t p. The computed state variables Sa, T, P, p",
p" are saved when one of these commands is called and are then used for subsequent parameter-
free function calls. These state variables remain available until different conditions are imposed.
For convenience, selected frequently used functions are called with input parameters and the
appropriate set_ command is called internally to compute the equilibrium before determining the
requested result. The state variables are also saved for subsequent use in this case. (See Part I,

sections 5.5, ax5.5.)

(S22) Sea_Vap_4 Module

Function call Mathematical equation Unit
sea_vap_boilingtemperature_si: boiling temperature
sea_vap_ boilingtemperature
_si(s, p) T from solving
s =Sa/(kgkg™) g =g -8, K
p=P/Pa
sea_vap_brinefraction_seavap_si: mass fraction of brine in sea ice
sea_vap_brinefraction_ - _ Ssv
seavap_si(ssv, t, p) S,(T.P)

ssv = Ssy / (kg kg™ 1
t=T/KSV (kg ke™) Sa from solving

p=P/Pa gV:gSW—SAgEZV

sea_vap_brinesalinity_si: mass fraction of salt in sea-ice brine
sea_vap_brinesalinity_si

t, p) Sa from solving kg
t=T/K g =g -5,85" ke
p=P/Pa

sea_vap_cp_seavap_si: specific isobaric heat capacity of sea vapour
sea_vap_cp_seavap_si

(ssv, t, p) J
ssv = Ssv / (kg kg™) cp=-Tgpy ke K
t=7T/K g
p=P/Pa

sea_vap_density_sea_si: density of brine
sea_vap_density_sea_si() - 1 ke

available after specifying the
equilibrium state conditions

Comments
(S22.1)

This function call
determines the
equilibrium state.

(S22.2)

SsvV is the sea-vapour
salinity i.e. the mass
fraction of salt in
seawater + vapour. This
function call determines
the equilibrium state.

(S22.3)

This function call
determines the
equilibrium state.

(S22.4)
¢V is the Gibbs
function of sea vapour
(S22.16). This function
call determines the
equilibrium state.

(S22.5)

¢>" is the Gibbs
function of seawater
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Table S22 (Sea_Vap_4), continued

(S22) Sea_Vap_4 Module, cont’d
Function call Mathematical equation Unit
sea_vap_density_seavap_si: mean density of seawater + vapour

sea_vap_density_seavap_si

ssv = Ssv / (kg kg™) e ) =~
t=T/K Ep Wsyrs m
p=P/Pa

sea_vap_density_vap_si: density of vapour

sea_vap_density_vap_si()
available after specifying the p
equilibrium state conditions

sea_vap_enthalpy_evap_si: specific evaporation enthalpy of seawater

v kg
m3

sea_vap_enthalpy_evap_si() ABE® — ]
available after specifying the sw sw v —
equilibrium state conditions T(g r —Sa8sr —Jr ) kg

sea_vap_enthalpy_sea_si: specific enthalpy of brine

sea_vap_enthalpy_sea_si() j
0 . . SW SW SW
available after specifying the " =g"-Tg;

equilibrium state conditions ke
sea_vap_enthalpy_seavap_si: specific enthalpy of sea vapour
sea_vap_enthalpy_seavap_si

(ssv, t, p) J
ssv = Sgy / (kg kg™) hY = g% ~Tg e
t=7T/K g
p=P/Pa

sea_vap_enthalpy_vap_si: specific enthalpy of vapour
sea_vap_enthalpy_vap_si() j
available after specifying the h =g -Tg) o
equilibrium state conditions &
sea_vap_entropy_sea_si: specific entropy of brine
sea_vap_entropy_sea_si() I
available after specifying the vV =—gV keK

equilibrium state conditions

Comments
(S§22.6)

g is the Gibbs
function of sea vapour
(S22.16). This
function call
determines the
equilibrium state.

(S22.7)
pV is a state variable

(S22.8)
£ and g*" are the
Helmholtz/Gibbs
functions of vapour
and seawater

(522.9)

g is the Gibbs
function of seawater

(S22.10)

g>" is the Gibbs
function of sea
vapour. This function
call determines the
equilibrium state.

(S22.11)

g" is the Gibbs
function of vapour

(S22.12)

g is the Gibbs
function of seawater
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Table S22 (Sea_Vap_4), continued

(S22) Sea_Vap_4 Module, cont’d
Function call Mathematical equation Unit
sea_vap_entropy_seavap_si: specific entropy of seawater + vapour

sea_vap_entropy seavap_si

(ssv, 1, p) I
ssv = Sgy / (kg kg™ n* =—g;' (Sgy.T.P) o
t=T/K g
p=P/Pa

sea_vap_entropy_vap_si: specific entropy of vapour
sea_vap_entropy_vap_si() J
available after specifying the n' =—f —
e ol kgK
equilibrium state conditions

sea_vap_expansion_seavap_si: thermal expansion coefficient of sea vapour

sea_vap_expansion_seavap_si
(ssv, t, p) SV

ssv = Ssy / (kg kg™!) a=52 Ki
t=T/K 8p

p=~P/Pa

sea_vap_g_si: Gibbs function of sea vapour (i.e. seawater + vapour)
sea_vap_g_si(l, m, nssv, t, p) g 3
ssv = Ssv / (kg kg_l) mgsv (SSV,T,P) J m

t - T/K SV kg K m
p=~P/Pa

sea_vap_kappa_t_seavap_si: isothermal compressibility of sea vapour

sea_vap_kappa_t_seavap_si

(ssv, t, p) P 1
ssv = Sgy / (kg kg™) K, =L P
t=T/K 8r a
p=P/Pa

sea_vap_pressure_si: pressure

sea_vap_pressure_si()
available after specifying the P Pa
equilibrium state conditions

Comments
(522.13)

¢>" is the Gibbs
function of sea
vapour (S22.16).
This function call
determines the
equilibrium state.
(522.14)
fVisthe
Helmholtz
function of vapour
(822.15)
¢ is the Gibbs
function of sea
vapour (S22.16).
This function call
determines the
equilibrium state.

(S22.16)

I,m,n>0
[+m+n<?2

(822.17)
¢>" is the Gibbs
function of sea
vapour. This
function call
determines the
equilibrium state.

(S22.18)

P is a state
variable
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Table S22 (Sea_Vap_4), continued

(S22) Sea_Vap_4 Module, cont’d
Function call
sea_vap_salinity_si: brine salinity
sea_vap_salinity_si() ke
available after specifying the Sa —
equilibrium state conditions

sea_vap_temperature_si: temperature

sea_vap_temperature_si()
available after specifying the T K
equilibrium state conditions

sea_vap_vapourpressure_si: vapour pressure of seaater
sea_vap_vapourpressure_si

(s, t) P from solving
s=Sx/(kgkg™) g’ =g ~5,85" Fa
t=7T/K

sea_vap_volume_evap_si: specific evaporation volume of seawater
sea_vap_volume_evap_si() o’
available after specifying the AP =g) — g3V e

equilibrium state conditions
set_sea vap_eq_at_s_p: set the equilibrium state

set_sea_vap_eq_at_s_p (s, p) solve
s=S8,/(kgkg™) gV =g -S,85" _

p=P/Pa and store the result

set_sea_vap_eq_at_s_t: set the equilibrium state

set_sea_vap_eq_at s_t (s, t) solve
S:SA/(kgkg_l) gv=gSW_SAg§/\\V -
=iy and store the result

set_sea_vap_eq_at_t_p: set the equilibrium state

set_sea_vap_eq_at_t p(, p) solve
t=T/K gl =g =8,85" i
p=E/kE and store the result

Mathematical equation Unit

Comments
(S22.19)

Sa 1S a state
variable

(522.20)
T is a state variable

(S22.21)

This function call
determines the
equilibrium state.

(S22.22)

(S22.23)

This function call
determines the
equilibrium state.
Returns an error if
unsuccessful.

(S22.24)

This function call
determines the
equilibrium state.
Returns an error if
unsuccessful.

(S22.25)

This function call
determines the
equilibrium state.
Returns an error if
unsuccessful.
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Table S22 (Sea_Vap_4), continued

(S22) Sea_Vap_4 Module, cont’d
Function call

set_it_ctrl_sea_vap: set parameters for Newton iteration

set_it_ctrl_sea_vap(key, value)

key: a character string that can take the values
IT_STEPS,

INIT_LIQ_DENS,

INIT_VAP_DENS,

INIT_BRINE_SA,

INIT_TEMP,

TOL_BRINE_SA,

TOL_TEMP or

TOL_PRESS.

value: a real*8 variable used to specify a
control parameter associated with the choice
specified by key

Comments
(522.26)

This subroutine allows the user to specify
details regarding the iterative solvers used to
determine the equilibrium of vapour with
seawater. Default choices that should
generally work are initialized automatically
without calling this function, but users may
prefer one of the alternatives available. The
character string key is used to determine
which function to execute: IT_STEPS allows
maxit to be reset, INIT_LIQ _DENS,
INIT_VAP_DENS, INIT_BRINE_SA,
INIT_TEMP allows the initial value of the
liquid density, vapour density, brine salinity or
boiling temperature, respectively, estimate to
be reset, TOL_BRINE_SA, TOL_TEMP,
TOL_PRESS allows the convergence
criterion to be changed for brine salinity,
boiling temperature, or vapour pressure,
respectively.

Table S23 (Ice_Lig_4): Thermodynamic properties of the ice-liquid equilibrium. Equilibrium
conditions are determined by calling either set_ice_liq_eq_at_p or set_ice_liq_eq_at_t. The
computed state variables 7, P, g]h, gW, pIh, pW are saved when one of these commands is called and
are then used for subsequent parameter-free function calls. These state variables remain available
until different conditions are imposed. For convenience, selected frequently used functions are
called with input parameters so that the appropriate set_ command is called internally to compute
the equilibrium before determining the requested result. The state variables are also saved for
subsequent use in this case. (See Part I, sections 5.2, ax5.2.)

(S23) Ice_Liq_4 Module
Function call

ice_lig_chempot_si()
available after specifying the g
equilibrium state conditions

Th

Mathematical equation Unit
ice_lig_chempot_si: chemical potential of liquid water

Comments
(S23.1)

— g™ is a state variable
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Table S23 (Ice_Liq_4), continued

(S23) Ice_Lig_4 Module, cont'd

Function call Mathematical equation
ice_lig_density_ice_si: density of ice
ice_lig_density_ice_si()
available after specifying the P
equilibrium state conditions
ice_lig_density_lig_si: density of liquid water
ice_lig_density_lig_si()
available after specifying the P
equilibrium state conditions
ice_lig_enthalpy_ice_si: specific enthalpy of ice
ice_lig_enthalpy_ice_si()
available after specifying the
equilibrium state conditions
ice_lig_enthalpy_liq_si: specific enthalpy of liquid water
ice_lig_enthalpy_lig_si()
available after specifying the
equilibrium state conditions
ice_lig_enthalpy_melt_si: specific melting enthalpy of water
ice'_Iiq_enthalpy_mglt_si() AR™" = Tg™ (T, P)
available after specifying the v W
equilibrium state conditions 1 T.p7)
ice_lig_entropy_ice_si: specific entropy of ice
ice_lig_entropy_ice_si()
available after specifying the
equilibrium state conditions
ice_lig_entropy_lig_si: specific entropy of liquid water
ice_lig_entropy_liq_si()
available after specifying the nY =—fF (T, oV )
equilibrium state conditions

Th

w

W= g ~Tg (1. P)

h =g" - (T.p")

n" =-g;(T,P)

Unit

kgK

ice_lig_entropy_melt_si: specific melting entropy of water, Ac™"

ice_lig_entropy_melt_si()
available after specifying the
equilibrium state conditions

An™ = g7 (T, P)
~fi (T,p")

ice_lig_meltingpressure_si: equilibrium pressure at specified temperature

ice_lig_meltingpressure_si(t)

t=T/K 1

J

kgK

Pa

Comments
(S§23.2)

plh is a state variable
(S23.3)
W .
p ' are state variables

(S23.4)

glh, T and P are state
variables

(S23.5)

gw, T and pw are state
variables

(S23.6)

T, P and pw are state
variables

(S23.7)

T and P are state
variables

(S23.8)

T and pw are state
variables

(523.9)

T; and P are state
variables

(S23.10)

P is a state variable
obtained with the
specified T
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Table S23 (Ice_Liq_4), continued

(S23) Ice_Lig_4 Module, cont'd
Function call

ice_lig_meltingtemperature

_si(p) T K
p=~P/Pa

ice_lig_pressure_lig_si: pressure at previously defined equilibrium
ice_lig_pressure_lig_si()

available after specifying the P Pa
equilibrium state conditions

ice_liq_temperature_si: Freezing temperature of liquid water at specified pressure

ice_lig_temperature_si()
available after specifying the T K
equilibrium state conditions

ice_lig_volume_melt_si: specific melting volume

ice_lig_volume_melt_si() AVt =1/ p¥ m’

available after specifying the i —

equilibrium state conditions 87 (T.P) kg

set_ice_lig_eq_at_p: set ice-liquid equilibrium at given pressure
Solve

set_ice_lig_eq_at p (p) g™ (T,P)=g" (T,P)

p=P/Pa with P specified and )

store state variables
set_ice_liq_eq_at_t: set ice-liquid equilibrium at given temperature
Solve
g"(T,P)=g" (T, P)
with T specified and
store state variables

set_ice_lig_eq_at t (1)
t=T/Pa

Comments
ice_lig_meltingtemperature_si: equilibrium temperature at specified pressure

(S23.11)

T is a state variables
obtained with the
specified P
(S523.12)

T is a state variable

(S23.13)

T 1is a state
variable obtained with
the specified P

(S23.14)

T, P and pw are state
variables

(S23.15)

Returns the ErrorReturn
value if unsuccessful

(S23.16)

Returns the ErrorReturn
value if unsuccessful
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Table S23 (Ice_Liq_4), continued

(S23) Ice_Lig_4 Module, cont'd

Function call

Comments

set_it_ctrl_ice_lig: set parameters for Newton iteration (S23.17)

set_it_ctrl_ice_liq
(key, value)

key: a character string that
can take the values
IT_STEPS,
INIT_LIQ_DENS,
INIT_TEMP or
TOL_LIQ_PRESS.

value: a real*8 variable used
to specify a control parameter
associated with the choice
specified by key

This subroutine allows the user to specify details regarding the
iterative solver used to determine the equilibrium of liquid water
with ice. Default choices that should generally work are
initialized automatically without calling this function, but users
may prefer one of the alternatives available. The character string
key is used to determine which function to execute: IT_STEPS
allows maxit to be reset, INIT_LIQ _DENS and INIT_TEMP
allow the initial estimates of the liquid water density and
temperature to be reset, TOL_LIQ_PRESS allows the
convergence criterion to be changed for liquid water pressure.

Table S24 (Sea_Liq_4): Thermodynamic properties of the osmotic water-seawater equilibrium.
Equilibrium conditions are determined by calling set_sea_liq_eq_at_s_t_p. The computed state
variables Sx, 7, PW, PSW, pW, pSW are saved when one of these commands is called and may be
used for subsequent parameter-free function calls. These state variables remain available until
different conditions are imposed. For convenience, the function sea_liq_osmoticpressure_si is
called with input parameters and the set_ command is called internally to compute the
equilibrium before determining the requested result. The state variables are also saved for
subsequent use in this case. (See Part I, sections 5.6, ax5.6.)

(S24) Sea_Liq_4 Module

Function call Mathematical equation Units Comments
sea_lig_osmoticpressure_si: specifying the equilibrium state (S24.1)
AP =PV _p¥

(Sgi_Ll)?_OSIT]O’[ICpFGSSU re_si from solving PV is the preSSUI;SV

s = Sx/ (kg kg‘l) gW (T, pv ): i on pure water, P
the pressure on

IS S gSW(SAaTaPSW) seawater

p=P"/Pa

~5.85 (80, T.P™)
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Table S24 (Sea_Lig_4), continued

(S24) Sea_Liq_4 Module (cont'd)

Function call Mathematical equation Units Comments
set_sea lig_eq_at s t p: set the equilibrium state (S24.2)
Solve
set sea lig eq at st p oV (T PV ): This fun'ction call
(s, t, p) ’ determines the
s =S/ (ke ke™) gV (s,.T7,PY) - equilibrium state.
t=7T/K SW SW Returns an error if
p=P" /Pa Sags, (SA o ) unsuccessful
and store the result
set_it_ctrl_sea_lig: set parameters for Newton iteration (S24.3)

set_it_ctrl_sea_liq (key, value)

key: a character string that can take the values
IT_STEPS,

INIT_LIQ_DENS or

TOL_LIQ_PRESS.

value: a real*8 variable used to specify a
control parameter associated with the choice
specified by key

This subroutine allows the user to specify
details regarding the iterative solvers used to
determine the equilibrium of humid air with

seawater. Default choices that should generally
work are initialized automatically without
calling this function, but users may prefer one
of the alternatives available. The character
string key is used to determine which function
to execute: IT_STEPS allows maxit to be
reset, INIT_LIQ_ DENS allows the initial value
of the primary pure-water density estimate to
be reset, TOL_LIQ_PRESS allows the
convergence criterion to be changed for
pressure on pure water.
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Table S25 (Sea_lce_4): Thermodynamic properties of the seawater-ice equilibrium (sea ice).
Equilibrium conditions are determined by calling one of set_sea_ice_eq_at_s_p,

set sea_ice eq at s torset sea ice eq at t p. The computed state variables Sa, T, P, p"
are saved when one of these commands is called and are then used for subsequent parameter-free
function calls. These state variables remain available until different conditions are imposed. For
convenience, selected frequently used functions are called with input parameters so that the
appropriate set_ command is called internally to compute the equilibrium before determining the
requested result. The state variables are also saved for subsequent use in this case. (See Part I,

sections 5.4, ax5.4.)

(S25) Sea_Ice_4 Module
Function call

Mathematical equation

Unit

sea_ice_brinefraction_seaice_si: mass fraction of brine in sea ice

sea_ice_brinefraction_seaice_si Sy

(SS.I: t: p) k k ] - SA (T’ P) ’
5= S /gl Sa from solving
t=7T/K Th SW SW
p=P/Pa 8 =8 —S5,8s,

sea_ice_brinesalinity_si: mass fraction of salt in sea-ice brine

sea_ice_brinesalinity_si (1, p)
t=7T/K

p=P/Pa
sea_ice_cp_seaice_si: isobaric heat capacity of sea ice

Sa from solving
glh _ gsw —SAgEZV

sea_ice_cp_seaice_si (ssi, t, p)
ssi = S / (kg kg™)

t=T/K

p=P/Pa

Cp = _ngs";

sea_ice_density_ice_si: density of ice
sea_ice_density_ice_si() . 1
available after specifying the P =5
equilibrium state conditions &r (r.P)
sea_ice_density_sea_si: density of brine
sea_ice_density_sea_si() 1
available after specifying the P>
equilibrium state conditions

- gf,W(SA,T,P)

Comments
(825.1)

SSi is the sea-ice
salinity i.e. the
mass fraction of
salt in sea ice. This
function call
determines the
equilibrium state.

(S25.2)

This function call
determines the
equilibrium state.

(S25.3)

g is the Gibbs
function of sea ice
(S25.18). This
function call
determines the
equilibrium state.

(S25.4)

g™ is the Gibbs
function of ice Th

(S25.5)
¢>" is the Gibbs
function of
seawater
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Table S25 (Sea_lce_4), continued:

(S525) Sea_Ice_4 Module, cont’d
Function call Mathematical equation Unit
sea_ice_density_seaice_si: density of sea ice

sea_ice_density_seaice_si

Comments
(525.6)

¢ is the Gibbs
function of sea ice
(S25.18). This
function call
determines the
equilibrium state.

(S25.7)

ssi = S5 / (kg k) T oy o
t=T/K 8pr Vs d m
p=P/Pa
sea_ice_dtfdp_si: Freezing point lowering due to pressure changes (a Clausius-Clapyron
relation)
or,
ket il B S.,
ap ;. Zp( A p)

sea_ice_ dtfdp_si(s, p)
s=S8,/(kgkg ")
p=P /Pa

SW SW Th
_ & _SAgSAp_gp e
- SW SW Th

8" ~Sa8sy &
determined after calling
set_sea_ice_eq_at_s_p

sea_ice_dtfds_si: Freezing point lowering due to salinity changes (Raoult's law)

ot
Ll = Xs (SA ) p)
as, )
sea_ice dtfds_si() s K
S = SA/(kg kg_l) A8s,5,

Th kg kg_l

I N D
determined after calling
set_sea_ice_eq_at_s_p
sea_ice_enthalpy_ice_si: specific enthalpy of ice
sea_ice_ enthalpy_ice_si() j
available after specifying the " =g"-Tg %o
equilibrium state conditions &
sea_ice_enthalpy_melt_si: specific melting enthalpy of ice in seawater

p=P /Pa

sea_ice_enthalpy_melt_si() ARl — I
available after specifying the n o sw W —
equilibrium state conditions T(g r ~8r tSa8sr ) ke

sea_ice_enthalpy_sea_si: specific enthalpy of brine
sea_ice_enthalpy_sea_si() j

available after specifying the Y = g™ —TgY —
equilibrium state conditions

This function call
determines the
equilibrium state

(S25.8)

This function call
determines the
equilibrium state

(S25.9)

g™ is the Gibbs
function of ice Th

(S25.10)

glh and gSW are the
Gibbs functions of
ice Ih and seawater

(S25.11)

g>" is the Gibbs
function of seawater
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Table S25 (Sea_lce_4), continued:

(S25) Sea_Ice_4 Module (cont’d)
Function call Mathematical equation
sea_ice_enthalpy_seaice_si: specific enthalpy of sea ice

sea_ice_enthalpy_seaice_si
(ssi, t, p)

ssi = Sg1 / (kg kg™)

t=7T/K

p=P/Pa
sea_ice_entropy_ice_si: specific entropy of ice
sea_ice_entropy_ice_si()

RS = gSI _Tg;I

available after specifying the nt=-g"
equilibrium state conditions

sea_ice_entropy_sea_si: specific entropy of brine
sea_ice_entropy_sea_si()

available after specifying the Y =-gV

equilibrium state conditions
sea_ice_entropy_seaice_si: specific entropy of sea ice

sea_ice_entropy_seaice_si
(ssi, t, p)

ssi = Sg /(kgkg™)

t=T/K

p=P/Pa

77SI = _gﬁl (SSI’T’P)

Unit

J

kgK

sea_ice_expansion_seaice_si: thermal expansion coefficient of sea ice

sea_ice_expansion_seaice_si

(ssi, t, p) St
ssi=Ss / (kg kg™ a=52
t=T/K 8p
p=P/Pa

i
K

sea_ice_freezingtemperature_si: freezing temperature of seawater

sea_ice_freezingtemperature_si

(s, p) T from solving
t=Sa/ (kgkg™) g" =™ -5, g
p=P/Pa

sea_ice_g_si: Gibbs function of sea ice
sea_ice_g_si(l, m, nssi, t, p)

al+m+n

ssi = Sg1 / (kg kg™ ————2"(S4.T.P)
= T/K 0S,' 0T "oP
p=P/Pa

1- 3
J'7" m™"

kg K™

Comments
(8§25.12)
¢ is the Gibbs
function of sea ice.
This function call
determines the
equilibrium state.

(S25.13)

g™ is the Gibbs
function of ice

(S25.14)
¢>" is the Gibbs
function of
seawater

(S25.15)

¢ is the Gibbs
function of sea ice
(S25.18). This
function call
determines the
equilibrium state.
(S25.16)
¢ is the Gibbs
function of sea ice
(S25.18). This
function call
determines the
equilibrium state.

(S25.17)

This function call
determines the
equilibrium state.

(S25.18)

,L,m,n>0
l+m+n<?2
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Table S25 (Sea_lce_4), continued:

(S25) Sea_Ice_4 Module (cont’d)

Function call Mathematical equation Unit Comments
sea_ice_kappa_t_seaice_si: isothermal compressibility of sea ice (S25.19)
sea_ice_kappa_t_seaice_si
(ssi, t, p) g’ 1 This function call
ssi = Sg1 / (kg kg ™) K, =—=£F Pa determines the
t=7T/K 8p 4 equilibrium state.
p=P/Pa
sea_ice_meltingpressure_si: melting pressure of ice in seawater (S25.20)
?Seaﬁlce_meltlngpressure_S| Pt i Tgis function ﬁau

’ _ a etermines the
s=3Sa/(kgkg™) gl =g -S,g5 o
t=T/K equilibrium state.
sea_ice_pressure_si: pressure (S25.21)
sea_ice_pressure_si() .
available after specifying the P Pa Pis a State

e ol variable
equilibrium state conditions
sea_ice_salinity_si: brine salinity (S25.22)
sea_ice_salinity_si() Kk .
available after specifying the Sa = Sa 5 state
oy I kg variable
equilibrium state conditions
sea_ice_temperature_si: temperature (S25.23)
sea_ice_temperature_si() .
available after specifying the T K Tis a state
e s variable
equilibrium state conditions
sea_ice_volume_melt_si: specific melting volume of ice in seawater (S25.24)
sea_ice_volume_melt_si() m’
available after specifying the AV =gtV — gt .
g

equilibrium state conditions
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Table S25 (Sea_lce_4), continued:

(S25) Sea_Ice_4 Module (cont’d)
Function call

set_it_ctrl_sea_ice(key, value)

key: a character string that can take the values
IT_STEPS,

INIT_LIQ_DENS,

INIT_BRINE_SA,

INIT_TEMP,

TOL_BRINE_SA,

TOL_TEMP or

TOL_PRESS.

value: a real*8 variable used to specify a
control parameter associated with the choice
specified by key

set_sea_air_eq_at_s_p: specifying the equilibrium state

set_sea_air_eq_at s _p (s, p)
s=S5x/(kgkg™)
p=P/Pa

set_sea_air_eq_at_s_t: specifying the equilibrium state

set_sea_air_eq_at s t(s,t)
s=Sx/(kgkg")
t=T/K

set_sea_air_eq_at t p: specifying the equilibrium state

set_sea_air eq at t p (t, p)
t=T/K
p=P/Pa

Mathematical equation Unit
set_it_ctrl_sea_ice: set parameters for Newton iteration

solve
g"=g"" -5,85 :
and store the result

solve
glh =gSW—SAg§:V )
and store the result

solve
Ih SW SW
8 =8 —S.8s, -
and store the result

Comments
(S25.25)

This subroutine allows the user to specify
details regarding the iterative solvers used to
determine the equilibrium of ice with seawater.
Default choices that should generally work are
initialized automatically without calling this
function, but users may prefer one of the
alternatives available. The character string key
is used to determine which function to execute:
IT_STEPS allows maxit to be reset,
INIT_LIQ_DENS, INIT_BRINE_SA,
INIT_TEMP allows the initial value of the
liquid density, brine salinity or freezing
temperature, respectively, estimate to be reset,
TOL_BRINE_SA, TOL_TEMP,
TOL_PRESS allows the convergence criterion
to be changed for brine salinity, freezing
temperature, or melting pressure, respectively.

(S25.26)

This function call
determines the
equilibrium state.
Returns an error if
unsuccessful.

(S25.27)

This function call
determines the
equilibrium state.
Returns an error if
unsuccessful.

(525.28)

This function call
determines the
equilibrium state.
Returns an error if
unsuccessful.
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Table S26 (Sea_Air_4): Thermodynamic properties of the humid air-seawater equilibrium.
Equilibrium conditions are determined by calling either set_sea_air_eq_at s_a por
set_sea_air_eq_at_s t p. The computed state variables A, Sa, T, P, pW, pAV are saved when one
of these commands is called and are then used for subsequent parameter-free function calls. These
state variables remain available until different conditions are imposed. For convenience, selected
frequently used functions are called with input parameters so that the appropriate set_ command
is called internally to compute the equilibrium before determining the requested result. The state
variables are also saved for subsequent use in this case. (See Part I, sections 5.11, ax5.11.)

(526) Sea_Air_4 Module

Function call
sea_air_chempot_evap_si: Normalized chemical potential difference
sea_air_chempot_evap_si

(a,s, t,p) AV _ 4 AVy o SW _ SW

5y AP, (8™ - Agi")— (g™ ~S.g3))
s=Sx/(kgke ™) Ry T !
t=7T/K

p=P/Pa

sea_air_condense_temp_si: condensation temperature of humid air on seawater

sea_air_condense_temp_si 7 i i

(s,a,p) 1 AV AV

s=Sx/(kg kgl_) g —Ag, K
a=A/kgkg") oSV g oSV

o0=P/Pa 8 A8s,

sea_air_density_air_si: density of humid air

sea_air_density_air_si() 1 K

available after specifying the pt = AV _g3

equilibrium state conditions Er m

sea_air_density_vap_si: density of vapour in humid air

seq_air_density_yap_si() v 1-A kg

available after specifying the P = gT )
5

equilibrium state conditions
sea_air_enthalpy_evap_si: specific evaporation enthalpy of seawater

sea'l_abilr_efrlthalpy'_fe\'/ap t_hsi() L =t — AR J
availapble arter speciryimg tne SW SW T
equilibrium state conditions —h Sk, kg

Mathematical equation Unit

Comments
(526.1)

A measure of the
deviation from air-
sea equilibrium
(Onsager force)

(S26.2)

On cooling to 7,
humid air
condenses at the
sea surface even
before dew can
form. This
function call
determines the
equilibrium state.

(526.3)
The state variable
p™ is the density
of humid air
(526.4)
p" is the density of
vapour in humid
air
(526.5)
L™ is the
isobaric latent heat
of seawater
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Table S26 (Sea_Air_4), continued:

(526) Sea_Air_4 Module, cont’d

Function call Mathematical equation Unit
sea_air_entropy_air_si: specific entropy of humid air
sea_air_entropy_air_si

(s, t:S' p)/ (kg k _1) AV AV _J
S=5a g Kg N =-8r

t=T/K gl
p=P/Pa

sea_air_massfraction_air_si: mass fraction of dry air in humid air

sea_air_massfraction_air_si )
A from solving

(Sa t: p) A k
s=5Sx/(kgkg) g™ —Ag,” k—i
t=T/K _gSW_SAg;:’V
p=P/Pa
sea_air_vapourpressure_si: partial pressure of vapour in humid air at equilibrium
seat_air_vapourpressure_si P
S’ ’ ) sal

; _ Sf)/ (ke kg™ x4" determined from A*" Pa
t=T/K by calling
p=P/Pa air_molfraction_vap_si
set_sea_air_eq_at_s a p: set the equilibrium state
set_sea_air eq_at s a p solve
(S, a, p) gAV —AgAV

_ A
s=S4/(kgkg™) g oW ]
a=A/(kgkg") =8 —Sa8;s,
p=P/Pa and store the result
set_sea_air_eq_at_s t p: set the equilibrium state
set_sea air eq_at st p solve
(S, t: p) _1 gAV —Agﬁv
s=Sr/(kgkg) sw sw -
t=T/K =8 —5a8;,
p=P/Pa and store the result

Comments
(526.6)

This function call
determines the
equilibrium state.

(526.7)

This function call
determines the
equilibrium state.

(526.8)

This function call
determines the

equilibrium state by

calling

set_sea_air_eq_at_s_t_p.

(S26.9)

This function call
determines the
equilibrium state.
Returns an error if
unsuccessful

(S26.10)

This function call
determines the
equilibrium state.
Returns an error if
unsuccessful
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Table S26 (Sea_Air_4), continued:

(526) Sea_Air_4 Module, cont’d
Function call

set_it_ctrl_sea_air: set parameters for Newton iteration

set_it_ctrl_sea_air(key, value)

key: a character string that can take the
values IT_STEPS,

INIT_AIR,

INIT_TEMP,

INIT_PRESS,

TOL_VAP_PRESS,

TOL_TEMP or

TOL_PRESS.

value: a real*8 variable used to specify a
control parameter associated with the choice
specified by key

Comments
(S26.11)

This subroutine allows the user to specify details
regarding the iterative solvers used to determine
the equilibrium of humid air with seawater.
Default choices that should generally work are
initialized automatically without calling this
function, but users may prefer one of the
alternatives available. The character string key is
used to determine which function to execute:
IT_STEPS allows maxit to be reset, INIT_AIR,
INIT_TEMP, INIT_PRESS allows the initial
value of the primary mass fraction of dry air in
humid air, temperature or pressure, respectively,
estimate to be reset, TOL_VAP_PRESS,
TOL_TEMP, TOL_PRESS allows the
convergence criterion to be changed for vapour
pressure, temperature, or pressure, respectively.
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Table S27 (Lig_Ice_Air_4): Thermodynamic properties of the equilibrium between liquid water,
ice and humid air. Equilibrium conditions are determined by calling one of the subroutines in the
two groups discussed below. Each of these routines sets the variables T, P, A, p" (liquid water
density), pAV (humid-air density), wh (dry-air fraction of total mass), w (liquid fraction of the
condensed part, including liquid plus solid) , # (total entropy) and these are saved for subsequent
use in parameter-free function calls. The defined state variables remain available until different
conditions are imposed.

For the routines in group (i) (set_liq_ice_air_eq_at_a, set_liq_ice_air_eq_at_t and
set_lig_ice_air_eq_at_p), one of the state variables A, T or P is specified and equality of the
chemical potentials then allows complete determination of the other two of A, 7"and P and the
potential functions. However, in these cases, wA, w and # are not determined and hence are set to
the ErrorReturn value. Note, for example, that by supplying heat to the system, it is possible to
melt some ice, thus increasing w and # without changing A, T or P will. Similarly, the amount of
humid air may be altered at constant A, 7, P by suitable readjustment of the mass ratios between
the three water phases.

To determine these mass ratios, two additional parameters must be specified; group (ii) provides
two examples, (set_liq_ice_air_eq_at wa_eta_wt and set_lig_ice_air_eq_at_wa_wl_wi) of
how this may be done.

For convenience, selected frequently used functions are called with input parameters so that the
appropriate set_ command is called internally to compute the equilibrium before determining the
requested result. The state variables are also saved for subsequent use in this case. (See Part I,
sections 5.10, ax5.10.)

(S27) Liq_Ice_Air_4 Module

Function call Mathematlcal Unit Comments
equation
lig_ice_air_airfraction_si: the mass fraction a of dry air in humid air (S27.1)
lig_ice_air_airfraction_si()
. oqe _ k
;?J;ﬂ;biz talfz,?rrl ogmills . A = State variable for groups (i) and (ii)
g a group (1) kg
or group (i1) routine
lig_ice_air_density_si: density of wet ice air (S27.2)
T P, A, pAV and pW are state
variables of groups (i) and (ii).
A - . ..
w' is a state variable of group (ii).
liq_ice_air density_si0 p= (WA /A)/OAV wY is the liquid fraction (S27.8).
A?\Zli lable after ){_b . +wY pY ot K w™ is the solid fraction (527.10).
quilibrium g Ih i< the Gibb ol £
is set using a group (ii) . g1 the GIbbs potential for
" m hexagonal ice I defined at level 1.
p" = (g ;h )_1 If a group (i) routine is used then

additional constraints must be
imposed to determine w" and w
and the mean density.
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Table S27 (Lig_lce_Air_4), continued

(S27) Liq_Ice_Air_4 Module, cont’d

Function call Mathematlcal Unit Comments
equation
lig_ice_air_dryairfraction_si: the fraction a of dry air in wet ice air (S27.3)
lig_ice_air_dryairfraction_si() ke State variable set by group (ii).
Available after equilibrium set w e See final comment under
using group (ii) routine. g (827.2).
lig_ice_air_enthalpy_si: specific enthalpy of wet ice air (S27.4)
A is a state variable set by
groups (1) and (i1).
w': a state variable of group (ii).
w": liquid fraction (S27.8)
i e ar enthaloy s B (o AR w'": solid fraction (S27.10)
zf\ai?:ﬁg a?t(zr eq?liFlji)ll);iSuEr)l set A Ih 7 Th 1 ™ enthalpy of moist air
using group (ii) routine FwhT W kg W (510.4)
’ h": enthalpy of liquid water
(S7.3)
h"™: enthalpy of ice (S8.4)
See final comment under
(S27.2).
lig_ice_air_entropy_si: specific entropy of wet ice air (S27.5)
lig_ice_air_entropy_si() j State variable set by group (ii).
Available after equilibrium set n kg—K See final comment under

using group (ii) routine. (827.2).
lig_ice_air_ifl_si: isentropic freezing level (IFL) from the dry-air fraction, wa_si and the entropy,

n of wet air (527.6)
|iq_ice_Aair_if|_Sigwa, eta) P State variable set by groups (i)
wa=w"/(kgkg . . and (ii).
eta=n/( (kgg' ! I%l)) determlr_leii s Pa See final con(mzent under
Specifies group (ii). = (527.2).
lig_ice_air_iml_si: isentropic melting level (IML) from the dry-air fraction, wa and the entropy,
n of ice air (S27.7)
lig_ice_air_iml_si

%aéii)/ (kg kg™) determiied e e e
eta=7/(J kg' K7 w=0 and (i)

Specifies group (i1).
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Table S27 (Lig_lce_Air_4), continued

(S27) Liq_Ice_Air_4 Module, cont’d
Mathematical

Function call )
equation

Unit

Comments

lig_ice_air_liquidfraction_si: the fraction of liquid water in wet ice air when water + ice are in

equilibrium with humid air

lig_ice_air_liquidfraction_si()
Available after equilibrium set

wV = w(l - W—Aj kg
using group (ii) routine. A kg

lig_ice_air_pressure_si: pressure of water + ice in equilibrium with humid air

lig_ice_air_pressure_si()
Available after equilibrium set
using a group (1) or group (ii)
routine.
lig_ice_air_solidfraction_si: fraction of ice in wet ice air

P Pa

lig_ice_air_solidfraction_si()
Available after equilibrium set
using group (ii) routine.

lig_ice_air_temperature_si: temperature
lig_ice_air_temperature_si()

Available after equilibrium set

using a group (i) or group (ii)

routine.

lig_ice_air_vapourfraction_si: fraction of vapour in wet ice

T K

lig_ice_air_vapourfraction_si()
Available after equilibrium set
using group (ii) routine.

(S27.8)

A is a state variable set by
groups (1) and (ii).
w and w” are state variables set
by group (ii).
See final comment under
(827.2).

(527.9)

State variable set by groups (1)
and (ii).

(S27.10)

A is a state variable set by
groups (i) and (ii).
w and w™ are state variables set
by group (ii).
See final comment under
(827.2).

(S27.11)

State variable set by groups (i)
and (i1).

(S27.12)

A is a state variable set by
groups (1) and (ii).
w" is a state variable set by
group (ii).
See final comment under
(S27.2).
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Table S27 (Lig_lce_Air_4), continued

(S27) Liq_Ice_Air_4 Module, cont’d

Function call Mathematical equation Unit Comments
set_lig_ice_air_eq_at_a: Set module to determine liquid-ice-air equilibrium at given mass
fraction of dry air in humid air (527.13)

Returns the
Solve ErrorReturn
set_lig_ice_air_eq_at_a(a) gAY value if
a=A/(kgkg") AV —A( § J =gV =g" unsuccessful.
0A T.P i Relative mass
Specifies group (i). with the specified value of A and store fractions of 3
the results. phases are
undetermined.
set_lig_ice_air_eq_at_p: Set module to determine liquid-ice-air equilibrium at given pressure
(827.14)
Returns the
Solve ErrorReturn
set_lig_ice_air_eq_at_p(p) 3o AV value if
p=P/Pa g™ - A[ 5 j =gV =g" unsuccessful.
0A T.P i Relative mass
Specifies group (i). with the specified value of P and fractions of 3
store the results. phases are
undetermined.
set_ice_air_eq_at_t: Set module to determine liquid-ice-air equilibrium at given temperature
(827.15)
Returns the
S ErrorReturn
olve .
set_lig_ice_air_eq_at_t(t) AV velipe it
t=T/K e _a og Vgt unsu(?cessful.
A ), - Relgtlve mass
Specifies group (i). with the specified value of 7" and fr;chons of the
phases are
store the results. left

undetermined.
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Table S27 (Lig_lce_Air_4), continued

(S27) Liq_Ice_Air_4 Module, cont’d

Function call Mathematical equation Unit Comments
Set_li\c)al_ice_air_eq_at_ wa_wl_wi: Set module to determine liquid-ice-air equilibrium at given
wh, w" and W (S27.16)

Solve
set_lig_ice_air_equilibrium g™ Returns the
_at_wa_wl_wi(wa, wl, wi) g™ - [ 3 j =g"=g" ErrorReturn value
wa=w"/(kgkg™) A i if unsuccessful.
wl=w"/(kgkg™) and - Relative mass
wi=w"/(kgkg™) wh fractions of the 3
A= T—wW — ™ phases are

Specifies group (ii). with the specified values of wh, specified.
w" and th, and store the results.
set_lig_ice_air_equilibrium_at_wa_eta_wt: Set module to liquid-ice-air equilibrium at given

w?, 7 and w (S27.17)
Solve
set_liq_ice_air_equilibrium B Riu:ns thel
_ at_Wa_eta_Wt AV _ A ag AV — w — Th -rfl:or cturn Vfa lu c
(wa, eta, w) 0A & g 1T unsuccessit’.
_ A 1l T.P Specification of
wa=w"/(kgkg ) A
0 and - w”, 7 and w allows
eta=7n/Jkg K) W, W Th,, Th AV, AV e el
_ W W, Th n=wn +twmn +w'n the relative mass
W=w"/(w'+w) ) . A i
with the specified values of w”, 7 fractions of the 3
— w4 hases to be
Specifies group (ii). and w=w=/(w"+ w7, P .

P roup (1) and store the results. determined.
set_it_ctrl_lig_ice_air: set parameters used in the iterative solver routine (S27.18)
set_it_ctrl_liq_ice_air
(key, value) This subroutine allows the user to specify details regarding the
key: a character string that iterative solver used to determine the equilibrium of humid air
can take the values with liquid water and ice. Default choices that should generally
IT_STEPS, work are initialized automatically without calling this function,
INIT_AIR, but users may prefer an alternative so a selection of options is
INIT_LIQ, provided. The character string key is used to determine which
INIT_HUM, function to execute: IT_STEPS allows maxit to be reset,
INIT_TEMP, INIT_AIR and INIT_LIQ allow the initial values of the densities
INIT_PRESS, of air and liquid water to be reset, INIT_HUM allows the dry-air
TOL_TEMP or fraction of the humid air to be reset, INIT_PRESS and
TOL_PRESS. INIT_TEMP allow the initial estimates of the pressure and

temperature to be reset, and TOL_PRESS and TOL_TEMP
allow the convergence criteria to be changed for the total pressure
and the temperature.

value: a real*8 variable used
to specify a control parameter
associated with the choice
specified by key
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Table S28 (Sea_lce_Vap_4): Thermodynamic properties of the seawater-ice-vapour equilibrium
(“triple point” of seawater). Equilibrium conditions are determined by calling one of
set_sea_ice_eq at_p, set_sea_ice_eq_at_sorset_sea_ice_eq_at_t. The computed state
variables S, T, P, pw, pV are determined and saved when one of these commands is called and are
then used for subsequent parameter-free function calls. These state variables remain available
until different conditions are imposed. For convenience, selected frequently used functions are
called with input parameters and the appropriate Set_ command is called internally to compute
the equilibrium before determining the requested result. The state variables are also saved for

subsequent use in this case. (See Part I, sections 5.7, ax5.7.)

(S28) Sea_Ice_Vap_4 Module

Function call Mathematical equation
sea_ice_vap_density_vap_si: vapour density

sea_ice_vap_density_vap_si()
available after specifying the
equilibrium state conditions

sea_ice_vap_pressure_si: pressure
sea_ice_vap_pressure_si()

available after specifying the
equilibrium state conditions
sea_ice_vap_salinity_si: brine salinity
sea_ice_vap_salinity_si()

available after specifying the
equilibrium state conditions
sea_ice_vap_temperature_si: temperature
sea_ice_vap_temperature_si()
available after specifying the
equilibrium state conditions

Sa

Unit

kg

3
m

Pa

Comments
(S28.1)

p" is a state variable

(S28.2)
P is a state variable
(S28.3)
Sa 18 a state variable
(S28.4)

T is a state variable
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Table S28 (Sea_Ice_Vap_4), continued:

(S28) Sea_lIce_Vap_4 Module, cont’d

Function call
set_it_ctrl_sea_ice_vap: set parameters for Newton iteration

set_it_ctrl_sea_ice_vap (key, value)

key: a character string that can take the values

IT_STEPS,
INIT_LIQ_DENS,
INIT_VAP_DENS,
INIT_BRINE_SA,
INIT_TEMP,
INIT_PRESS,
TOL_TEMP or
TOL_PRESS.

value: a real*8 variable used to specify a
control parameter associated with the choice

specified by key

Mathematical equation

Comments
(S28.5)

This subroutine allows the user to specify

details regarding the iterative solvers used to

determine the equilibrium of humid air with

seawater. Default choices that should generally

work are initialized automatically without
calling this function, but users may prefer one
of the alternatives available. The character
string key is used to determine which function
to execute: I'T_STEPS allows maxit to be
reset, INIT_LIQ_DENS, INIT_VAP_DENS,
INIT_BRINE_SA, INIT_TEMP allows the
initial value of the liquid density, vapour
density, brine salinity or temperature,

respectively, estimate to be reset, TOL_TEMP,
TOL_PRESS allows the convergence criterion

to be changed for temperature or pressure,

set_sea_ice_vap_eq_at_p: set the equilibrium state

set_sea_ice_vap_eq_at_p (p)

p=P/Pa

Solve
g =g" =g -S.g5,
and store the result

set_sea_ice_vap_eq_at_s: set the equilibrium state

set_sea_ice_vap_eq_at_s(s) Solve

s=Sx/(kgkg")

Th \ SW SW
8 =8 =8 —S5.8s,
and store the result

set_sea_ice_vap_eq_at_t: set the equilibrium state

set_sea_ice_vap_eq_at t (1)

t=7T/K

Solve
SW

gh=g"=¢g"-S,8;5
and store the result

respectively.

(S28.6)

This function call
determines the
equilibrium state.
Returns an error if
unsuccessful.

(S28.7)

This function call
determines the
equilibrium state.
Returns an error if
unsuccessful.

(S28.8)

This function call
determines the
equilibrium state.
Returns an error if
unsuccessful.
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Table S29 (Lig_Air_4a): Thermodynamic properties of the lig-air equilibrium. This table deals
only with the phase equilibrium properties of pure liquid water with humid air, commonly
regarded as "saturated air" or "humidity 100%". The air properties computed here refer to

saturated air above the frost point. (See Part I, sections 5.8, ax5.8.)

(S29) Liq_Air_4a Module

Function call Mathematical equation

Unit

Comments

lig_air_a_from_rh_cct_si: mass fraction of dry air in humid air from relative humidity,

temperature and pressure

A=
lig_air_a_from_rh_cct_ .
si(rh, t, p) 1_RHCCTxxé (A (T,P)) "
rh=RH / (kg kg") 1= RH o xxy" (A (T P)x(1-My /M, X8
t=7T/K ¥(4) kg
p=P/Pa RHCCT(A’Tsp)Z Y

x5V (A™(T, P)

(529.2)
x2Vis the mole

fraction of vapour in
humid air (level 0).
My and M4 are the
molar masses of
water and air.

lig_air_a_from_rh_wmo_si: mass fraction of dry air in humid air from relative humidity,

temperature and pressure

lig_air_a_from_rh_wmo e 1

_si(rh, t, p) 1+ RH gy x 1/ A (T, P)—1) kg
rh=RH /(kgkg") .
t=T/K RH o (AT, P)=— /AL g
p=P/Pa 1/A*(T,P)-1

lig_air_condensationpressure_si: condensation pressure of humid air

lig_air_condensation_
pressure_si(a, t)

a=A/(kgke) P Pa
t=T/K

lig_air_density_air_si: humid air density of saturated air
lig_air_density_air_si() e
available after specifying the pt 5

equilibrium state

lig_air_density_liq_si: liquid water density of wet air
lig_air_density_lig_si() o
available after specifying the pV —
equilibrium state

lig_air_density_vap_si: vapour density of saturated air
lig_air_density_vap_si() s
available after specifying the p’=1-Aa)p* —
equilibrium state

(S29.1)

A*is the value of A
at equilibrium (S29.2)

(S29.3)

State variable at
specified A and T

(S29.4)
State variable

(S29.5)
State variable

(S29.6)

A and p*V are state
variables
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Table S29 (Lig_Air_4a), continued

(S29) Liq_Air_4a Module, cont'd

Function call Mathematical equation Unit Comments
lig_air_dewpoint_si: dewpoint temperature of humid air (S29.7)
lallq—_il r/_(ieVIV(pgl)nt_SI(a, P) . 7 State variable at specified

B g X8 A and P of unsaturated air
p=PFP/Pa
lig_air_enthalpy_evap_si: specific evaporation heat of saturated air above the frost point
(S29.8)
lig_air_enthalpy_evap_si() ARSY® — J A T,P, g, p% and p2" are

available after specifying the

equilibrium state T(f 0+ Agly ) ke state variables
lig_air_entropy_air_si: specific entropy of saturated humid air (S29.9)
lig_air_entropy_air_si() j

available after specifying the Y K 7™V is a state variable
equilibrium state gl

lig_air_icl_si: isentropic condensation level ICL of humid air (S§29.10)
|ellq=_i\‘| r/_(llc(:glg_lf;g(_?), t.p) State variable obtained with
t=T/K P Pa fixed A and # from A, T, P of
o0=P/Pa unsaturated air
lig_air_ict_si: isentropic condensation temperature ICT of humid air (S29.11)
lellqz—il r/—(ll(j;—ksgl(_?)’ L p) State variable obtained with
t=T/K T K fixed A andnfromA, T, P of
0=P/Pa unsaturated air
lig_air_massfraction_air_si: air mass fraction of saturated air (S29.12)
lig_air_massfraction_air_si

t, p) A k_g State variable at specified
t=T/K kg T and P
p=P/Pa

lig_air_pressure_si: pressure of saturated air (S29.13)
lig_air_pressure_si()

available after specifying the P Pa State variable

equilibrium state
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Table S29 (Lig_Air_4a), continued

(S29) Liq_Air_4a Module, cont'd

Function call Mathematical equation Unit Comments
lig_air_rh_cct_from_a_si: relative humidity from the mass fraction of dry air in humid air,
temperature and pressure (S29.14)

lig_air_rh_cct_from_a_si xV is the mole fraction of

@ t, p) RH . (A,T,P) vapour in humid air
a=A/(kg kg—l) A (A) 1 gggflned at level 0).
t=T/K :T(m A. .1s.the Value.ofA at
Xy o
p=P/Pa equilibrium for given T, P
(S29.2)
lig_air_rh_wmo_from_a_si: relative humidity from the mass fraction of dry air in humid air,
temperature and pressure (§29.15)
lig_air_rh_wmo_from_a_si RH. (AT.P)
@515 9 i Mo A™ is the value of A at
a=4/kegkg’) S L . ! equilibrium (S29.2)
t=7/K 1/ A*(T,P)-1 '
p=P/Pa
lig_air_temperature_si: temperature of saturated air (S29.16)
lig_air_temperature_si()
available after specifying the T K State variable
equilibrium state
set_it_ctrl_lig_air: set parameters used in the iterative solver routine (S29.17)
set_it_ctrl_lig_air
(key, value) This subroutine allows the user to specify details regarding the
key: a character string that iterative solver used to determine the equilibrium of ice Ih with
can take the values humid air. Default choices that should generally work are
IT_STEPS, initialized automatically without calling this function, but users
INIT_HUM, may prefer one of the alternatives available. The character string
INIT_TEMP, INIT_PRESS, key is used to determine which function to execute: IT_STEPS
TOL_VAP_PRESS, allows maxit to be reset, INIT_HUM, INIT_TEMPand
TOL_TEMP or INIT_PRESS allow the initial estimates of the mass fraction of
TOL_PRESS. dry air in humid air, temperature and pressure to be reset,

TOL_VAP_PRESS, TOL_TEMP and TOL_PRESS allow the
convergence criteria to be changed for vapour pressure,
temperature and total pressure.

value: a real*8 variable used
to specify a control parameter
associated with the choice
specified by key
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Table S29 (Lig_Air_4a), continued

(S29) Liq_Air_4a Module, cont'd

Function call Mathematical equation Unit Comments
set_lig_air_eq_at_a_eta: sets the saturation equilibrium state between humid air and liquid
water (529.18)
set lig_air_eq_at a eta Solve
(a, eta) gt —Agt =gV Returns the ErrorReturn
a=A/(kgkg") with A and 7 specified and i value if unsuccessful
eta=7/(Jkg ' K) store state variables
set_lig_air_eq_at_a_p: sets the saturation equilibrium state between humid air and liquid water

(S29.19)
set_liq_air eq at_a p Solve
@, p) gt —Agt =gV Returns the ErrorReturn
a=A/(kgkg") with A and P specified and value if unsuccessful
p=P/Pa store state variables
set_lig_air_eq_at_a_t: sets the saturation equilibrium state between humid air and liquid water
(S29.20)
: : Solve
Zeztil(j?l?érigﬂ)—at—a—t(a’ b gt —Aght =gV ) Returns the ErrorReturn
t=T/K with A and T specified and value if unsuccessful

store state variables
set_lig_air_eq at_t p: sets the saturation equilibrium state between humid air and liquid water

(529.21)
set_lig_air_equilibrium_to_t_p Solve
t p gt —Agt =gV ) Returns the ErrorReturn
t=7T/K with T and P specified and value if unsuccessful
p=P/Pa store state variables
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Table S30 (Ice_Air_4a): Thermodynamic properties of the ice-air equilibrium. This table deals
only with the phase equilibrium properties of ice Ih with humid air, commonly regarded as
"saturated air" or "humidity 100%". The air properties computed here refer to saturated air below
the frost point. (See Part I, sections 5.9, ax5.9.)

(S30) Ice_Air_4a Module

Function call Mathematical equation Unit Comments
ice_air_a_from_rh_cct_si: mass fraction of dry air in humid air for specified relative humidity,
temperature and pressure (S30.2)

A=

ice_air a from rh cct
‘rh t n - 1_RHCCTXX$V( Sm(T’P))

x2Vis the mole fraction

S sy
t=7T/K x5V (A) & molar masses of water
p=P/Pa RH ccr (AT, P)= V(A (r,p) and air.
ice_air_a_from_rh_wmo_si: mass fraction of dry air in humid air for specified relative humidity,
temperature and pressure (S30.1)
ice_air_a_from_rh_wm 4 1
_si(rh, 1, p) 1 1+ RH o x(1/ A% (T P)-1) kg A™ is the value of A at
rh=RH/(kgkg") — ey
t=T/K RH o (AT, P)= 1/A-1 kg equilibrium (S30.3)
p=P/Pa 1/ A*(T,P)-1
ice_air_condensationpressure_si: condensation pressure of humid air (S30.3)
ice_air_condensation
pressure_si(i, t) p Pa StatF: 'Variable at
a=A/kgkg") specified A and T
t=T/K
ice_air_density_air_si: humid air density of saturated air (S30.4)
ice_air_density_air_si() K
available after specifying the pt _g3 State variable
equilibrium state m
ice_air_density_ice_si: ice density of saturated air (S30.5)
ice_air_density_ice_si() " 1 K Uses (S8.3) with A, T,
available after specifying T — —% P from equilibrium
the equilibrium state g, (AT, P) m state
ice_air_density_vap_si: vapour density of saturated air (S30.6)
ice_air_density_vap_si AV
available after s{)gcif?lﬂlg(t)he p'=01-A)p" k—% Al o o are state
m variable

equilibrium state
ice_air_enthalpy_subl_si: specific sublimation heat of saturated air below the frost point

(530.7)
ice_air_enthalpy_subl_si() AR =Tg™(T, P) ] T and P are state
available after specifying the ! - v = variables
equilibrium state 1/ (1.p") & p" from (S30.6)
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Table S30 (Ice_Air_4a): continued

(S30) Ice_Air_4a Module, cont'd

Function call Mathematical equation Unit Comments
ice_air_frostpoint_si: frostpoint temperature of humid air (S30.8)
:i_:u’é;oi&c;lnt_&(a, P) T K State Varfbledatp specified
p=P/Pa an,
ice_air_icl_si: isentropic condensation level ICL of humid air (S30.9)
ice_air_icl_si(a, t, p)
a=A/(kgkg") p Pa State variable obtained with
t=7T/K fixed A and
p=P/Pa
ice_air_ict_si: isentropic condensation temperature ICT of humid air (S30.10)
ice_air_ict_si(a, t, p)
a=A/(kgkg") T K State variable obtained with
t=7T/K fixed A and
p=P/Pa
ice_air_massfraction_air_si: air mass fraction of saturated air (S30.11)
ice_air_massfraction_air
_si, p) A kg State variable at specified
t=7T/K kg T and P
p=P/Pa
ice_air_pressure_si: pressure of saturated air (S30.12)
ice_air_pressure_si()
available after specifying the P Pa State variable

equilibrium state
ice_air_rh_cct_from_a_si: relative humidity from the mass fraction of dry air in humid air,

temperature and pressure (S30.13)
ice_air_rh_cct_from_a x2Vis the mole fraction of
_si@tp) RH o (AT P) vapour in humid air (level 0).
a=A/(kgkg") __ x4 1 A*is the value of A at
t=T/K xoV (A (T,P) equilibrium for given 7, P
p=P/Pa (S29.12)
ice_air_rh_wmo_from_a_si: relative humidity from the mass fraction of dry air in humid air,
temperature and pressure (S30.14)
ice_air_rh_wmo_from_a ( )

i RH AT,P
e L ) 4 WMO A™ is the value of A at
B=A/gle __ aA-l : et i (S04
t=T/K 1/ A™(T,P)-1 d '
p=P/Pa
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Table S30 (Ice_Air_4a), continued

(S30) Ice_Air_4a Module, cont'd

Function call Mathematical equation Unit Comments
ice_air_sublimationpressure_si: Sublimation pressure of vapour in moist air at equilibrium with
ice (S30.15)
o . Pxy" . .
ice_air_sublimation AV ) sat This function call sets the
pressure_si(t, p) ity detetmined rom A Pa equilibrium by calling

by calling set_ice_air_eq_at_t_p
air_molfraction_vap_si
ice_air_temperature_si: temperature of saturated air (S30.16)
ice_air_temperature_si()
available after specifying T K State variable

the equilibrium state
set_ice_air_eq_at _a_eta: set the saturation equilibrium state between humid air and ice

(S30.17)
set_ice_air_eq_at a Solve
_eta(a, eta) gtV —Agt =g" Returns the ErrorReturn value
a=A/(kgkg") with A and # specified and ) if unsuccessful
eta=7/Jkg' K store state variables
set_ice_air_eq_at_a p: set the saturation equilibrium state between humid air and ice

(530.18)
set_ice_air_equilibrium Solve
_to_a p(a, p) gtV —Agy =g" Returns the ErrorReturn value
a=A/(kgkg") with A and P specified ) if unsuccessful
p=FP/Pa and store state variables
set_ice_air_eq_at_a_t: set the saturation equilibrium state between humid air and ice ~ (S30.19)
set_ice_air eq at a t Solve
(a1t gt —Agh =g Returns the ErrorReturn value
a=A/(kgkg" with A and T specified ) if unsuccessful
t=7T/K and store state variables
set_ice_air_eq_at t_p: set the saturation equilibrium state between humid air and ice ~ (S30.20)
set_ice air eq to t p Solve
(t,p) gtV —Agy =g" ) Returns the ErrorReturn value
t=T/K with T and P specified if unsuccessful
p=FP/Pa and store state variables
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Table S30 (Ice_Air_4a), continued

(S30) Ice_Air_4a Module, cont'd

Function call Comments
set_it_ctrl_ice_air: set parameters used in the iterative solver routine (S30.21)
set_it_ctrl_ice_air
(key, value)

key: a character string that

can take the values This subroutine allows the user to specify details regarding the

iterative solver used to determine the equilibrium of ice Th with humid

:-Il\-IT'E TAEI ES’ air. Default choices that should generally work are initialized
INIT_TEI\}IP automatically without calling this function, but users may prefer one
INIT PRES é of the alternatives available. The character string key is used to
TOL VAP PI,?E ss determine which function to execute: IT_STEPS allows maxit to be
TOL TEMP or ’ reset, INIT_AIR, INIT_TEMPand INIT_PRESS allow the initial
TOL PRESS estimates of the mass fraction of dry air in humid air, temperature and
— ' pressure to be reset, TOL_VAP_PRESS, TOL_TEMP and
value: a real*8 variable TOL_PRESS allow the convergence criteria to be changed for
used to specify a control vapour pressure, temperature and total pressure.
parameter associated with
the choice specified by
key
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Table S31 (Lig_Air_4b): Thermodynamic properties of the liquid-air equilibrium. This table deals
only with the Gibbs function of wet air, 1.e., of the composite system of liquid water and humid air
in mutual equilibrium ("cloudy air"). Therefore, the air properties computed here refer to saturated
air with respect to liquid water. (See Part I, sections 5.8, ax5.8.)

(S31) Liq_Air_4b Module

Mathematical

Function call )
equation

Unit

Comments

lig_air_g_si: the Gibbs function of liquid water-air and its first and second derivatives with respect
to the mass fraction of dry air in humid air, absolute temperature and absolute pressure computed

from its Helmholtz function
a I+m+n g AW

lig_air_g_si(l, m, n, wa, t, p) (W) oT"9P"
wa = WA/(kg kg—l) - WA i

t=T/K § = 1
p=P/Pa N
+ I_L glh
A

lig_air_g_cp_si: specific isobaric heat capacity of ice air
lig_air_g_cp_si(wa, t, p)
wa=w"/(kgkg™)

t=T/K

p=P/Pa

lig_air_g_density_si: density of ice air
lig_air _Ag_density{_si(wa, t, p)
p=P/Pa

lig_air_g_enthalpy_si: specific enthalpy of ice air
lig_air_g_enthalpy_si(wa, t, p)
wa=w"/(kgkg™")

t=T/K

p=P/Pa
lig_air_g_entropy_si: specific entropy of ice air
lig_air_g_entropy_si(wa, t, p)

wa=w"/(kgkg") _aw
t=T/K 1="¢r
p=P/Pa

lig_air_g_expansion_si: thermal expansion of ice air
lig_air_g_expansion_si(wa, t, p)

cp==Tgr

h=g™ —Tgr"

A 1
wa=w"/(kgkg) AW AW
t=7T/K a=_gmw /8
p=P/Pa

J 1-n m3n

K"kg

|-

(S31.1)

lL,m,n>0
l+m+n<2
w’ is the mass fraction of
dry air relative to that of
humid air plus ice

(S31.2)

(S31.3)

(S31.4)

(S31.5)

(S31.6)
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Table S31 (Lig_Air_4b), continued

(S31) Liq_Air_4b Module, cont'd

Function call Mathematlcal Unit Comments
equation
lig_air_g_kappa_t_si: isothermal compressibility of ice air (S31.7)

lig_air _Ag_kappaTt_si(wa, t, p)

wa=w /(kgkg

o e U~
p=P/Pa

lig_air_g_lapserate_si: "moist" adiabatic lapse rate of ice air (S31.8)
lig_air_g_lapserate_si(wa, t, p)
wa=w"/(kgkg™)

t=T/K

p=P/Pa
lig_air_liquidfraction_si: mass fraction of solid water in ice air (S31.9)

qu_air_/li?uli(dflr(az[ion_si(wa, t, p) ” A e determined b
wa=w 1S determine
i wh=l-whiA g 52912
p=P/Pa

lig_air_vapourfraction_si: mass fraction of vapour in ice air (S31.10)
lig_air_vapourfraction_si

(wa, t, p) ‘ . .
wa = w/ (kg kg™ w¥ = (17 A—1)wh xg A is determined by

p=P/Pa

w

F=—gﬁ,

/gm —
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Table S32 (Ice_Air_4b): Thermodynamic properties of the ice-air equilibrium. This table deals
only with the Gibbs function of ice air, i.e., of the composite system of ice and humid air in
mutual equilibrium ("icy air", e.g. cirrus clouds). Therefore, the air properties computed here
refer to saturated air in equilibrium with respect to ice. (See Part I, section 5.9, ax5.9.)

(S32) Ice_Air_4b Module

Mathematical

Function call )
equation

Unit Comments

ice_air_g_si: the Gibbs function of ice air and its first and second derivatives with respect to the
mass fraction of dry air in humid air, absolute temperature and absolute pressure computed from its

Helmholtz function
A
gAl _ WTgAV
ice_air_g_si(l, m, n, wa, t, p) A
A -1 w Ih
wa=w"/(kgkg ) +(1—AJ8
t=T/K
p =P/Pa al+m+ngAl

o(w")' 9T"9P"
ice_air_g_cp_si: specific isobaric heat capacity of ice air

ice_air_g_cp_si(wa, t, p) c,=-Tgr
ice_air_g_density_si: density of ice air
ice_air_g_density_si(wa, t, p) pM=1/g)

ice_air_g_enthalpy_si: specific enthalpy of ice air

BAl = gAI _TgAI

ice_air_g_enthalpy_si(wa, t, p) 7

ice_air_g_entropy_si: specific entropy of ice air

Al AT
=—8r

ice_air_g_entropy_si(wa, t, p) n
ice_air_g_expansion_si: thermal expansion of ice air

ice_air_g_expansion_si(wa, t, p) a=gnlg

ice_air_g_kappa_t_si: isothermal compressibility of ice air

ice_air_g kappa_t_si(wa, t, p) K,=—gm/! g

ice_air_g_lapserate_si: "moist" adiabatic lapse rate of ice air

ice_air_g lapserate _si(wa, t, p) F=—ghlgn

(S32.1)
,L,m,n=>0
T N |+m+n§2‘
K'ke whis the mass fraction of
dry air relative to the total
mass
(S32.2)
J
keK
(S32.3)
L
m3
(S32.4)
J
ke
(S32.5)
i
kgK
(S32.6)
1
K
(S32.7)
_
Pa
(S32.8)
K
Pa
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Table S32 (Ice_Air_4b): continued

(S32) Ice_Air_4b Module, cont'd

Function call Mathematlcal Unit Comments
equation
ice_air_solidfraction_si: mass fraction of solid water in ice air (S32.9)
k

ice_air_solidfraction_si(wa, t, p) wh=1-w*/A é A is given by (S30.11)
ice_air_vapourfraction_si: mass fraction of vapour in ice air (S32.10)
ice_air_vapourfraction_si v A kg .

L 5 w' =(1/A-1)w ke A is given by (S30.11)

Table S33 (Lig_Air_4c): Thermodynamic properties of the liquid-air equilibrium. This table deals
only with the enthalpy of wet air, and its partial derivatives, depending on the mass fraction of dry
air in humid air, entropy and pressure. (See Part I, sections 5.8, ax5.8.)

(S33) Liq_Air_4c Module

Function call Mathematical equation Unit Comments
lig_air_h_si: enthalpy of wet air as a thermodynamic potential, depending on mass fraction of dry
air in humid air, entropy and pressure (S33.1)

o . Lm,n>0
lig_air_h_si AW _ AW g0 AW .
(, m, n, wa, eta, p) =g Tgr lon._ 3 A. I+m+n§2.

A -1 J7'm w" is the mass fraction of
wa=w"/(kgkg ) 9" AW A ” dry air relative to that of
e’[a:n/(Jkg'l K—l) ¢ W, T, P) K"kg ryalr'refcllve 0‘ go

~ o(w™) 0T "oP humid air plus liquid
p=P/Pa

water

lig_air_h_cp_si: specific isobaric heat capacity of wet air (S33.2)
lig_air_h_cp_si
(wa, eta, p) T ]
wa=w"/(kgkg™) Cp =W T T from (S33.6)
eta=7n/(Jkg' K w g
p=P/Pa
lig_air_h_density_si: density of wet air (S33.3)
lig_air_h_density_si
(wa, eta, p) 1 K
wa=w"/(kgkg") p = AW _g3
eta=7/(J kg’ K P m
p=P/Pa
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Table S33 (Lig_Air_4c), continued

(S33) Liq_Air_4c Module, cont'd

Function call Mathematical equation
lig_air_h_kappa_s_si: adiabatic compressibility of wet air
lig_air_h_kappa_s_si

(wa, eta, p) LAV
wa=w"/(kgkg™") K ==
eta=7n/(J kg’ K P
p=P/Pa

lig_air_h_lapserate_si: moist-adiabatic lapse rate
lig_air_h_lapserate_si
(wa, eta, p)
wa=w"/(kgkg™)
eta=y/(Jkg' K"
p=P/Pa
lig_air_h_temperature_si: temperature of wet air
lig_air_h_temperature
_Si(wa, eta, p)
wa=w"/(kgkg™)
eta=7/(J kg’ K
p=P/Pa
lig_air_potdensity_si: potential density of wet air
lig_air_potdensity_si
(@t p,pr
wa=w"/(kgkg™)
eta=7/(J kg’ K
p=P/Pa

pr=P./Pa
lig_air_potenthalpy_si: potential enthalpy of wet air
lig_air_potenthalpy_si
(@t p,pn
wa=w"/(kgkg™)
t=T/K

p=P/Pa

pr=P./Pa
lig_air_pottemp_si: potential temperature of wet air
lig_air_pottemp_si

1AW
F_P

_ 1AW
T=h

(8 hAW(WA,ﬂ, P )]
p& = 8—P
1/\/"&‘,19r

r

hy, :hAW(WA’UaR)

(@t p,pn 1 T=T,+6

wa=w /(kg kg_) AW[ A

t=T/K :(ah (o ’”’R)j
p=P/Pa a7 p
pr=P./Pa

Unit

Comments
(S33.4)

(S33.5)

(S33.6)

(S33.7)

n is total entropy
determined by (S31.5)
P, is the reference
pressure

(S33.8)

n 1s total entropy
determined by (S31.5)
P, is the reference
pressure

(S33.9)

n is total entropy
determined by (S31.5)
Tp=273.15K
@ is potential temperature
in °C
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Table S34 (Ice_Air_4c): Thermodynamic properties of the ice-air equilibrium. This table deals
with the enthalpy of ice air, as well as its partial derivatives, depending on mass fraction of dry air
in humid air, entropy and pressure. (See Part I, section 5.9, ax5.9.)

(S34) Ice_Air_4c Module

Function call Mathematical equation Unit Comments
ice_air_h_si: enthalpy of wet air as a thermodynamic potential, depending on mass fraction of dry
air in humid air, entropy and pressure (S34.1)
ice_air_h_si Al _ Al g Al n,m,1>0
(, m, n, wa, eta, p) h=g" T i n+m+1<2
wa=w"/(kgkg™") ol —————  w"is the mass fraction of

—m 1-m
eta=7n/(Jkg' K" hM(w*,m,P) K Tke dry air relative to the
p=P/Pa total mass
ice_air_h_cp_si: specific isobaric heat capacity of wet air (S34.2)
ice_air_h_cp_si
(wa, eta, p) T J
wa=w"/(kgkg™) Cp =l — T from (S34.6)
eta=7y/(0 kg K m gl
p=P/Pa
ice_air_h_density_si: density of wet air (S34.3)
ice_air_h_density_si
(wa, eta, p)
wa=w"/(kgkg™") p=(n)" —=
eta=y/(Jkg' K" m
p=P/Pa
ice_air_h_kappa_s_si: adiabatic compressibility of wet air (S34.4)
ice_air_h_kappa_s_si
(wa, eta, p) BAI 1
wa=w"/(kgkg") Ky = —ﬁ
eta=75/0 ke' K P Pa
p=P/Pa
ice_air_h_lapserate_si: moist-adiabatic lapse rate (S34.5)
ice_air_h_lapserate
_si(wa, eta, p)
wa=w"/(kgkg™") I'=h'y —
eta=75/0 kg' K Pa
p=P/Pa
ice_air_h_temperature_si: temperature of wet air (S34.6)
ice_air_h_temperature
_Si(wa, eta, p)
wa=w"/(kgkg™) T=h" K
eta=y/Jkg' K
p=P/Pa

o(w*) on"oP"
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Table S34 (Ice_Air_4c), continued

(S34) Ice_Air_4c Module, cont'd

Function call Mathematical equation
ice_air_potdensity_si: potential density of wet air
ice_air_potdensity

_Sl(a’ t’ p’ pr) B
a=A/(kgkg") _ ahAI(V‘/\,ﬂ, E)
t=T/K Po =" op
p=P/Pa r WAR
pr=P,/Pa

ice_air_potenthalpy_si: potential enthalpy of wet air
ice_air_potenthalpy
_si(a, t, p, pr)
a=A/(kgkg™)
t=T/K

p=P/Pa
pr=P,/Pa
ice_air_pottemp_si: potential temperature of wet air

hy = hAI(WA’n’R)

ice_air_pottemp_si

(a: t7 p’ pr) \ T =T0 +9
a:A/(kgkg_) ALl A

t=T/K =[—ah b ’”’R)J
p=P/Pa an A p
pr=_P./Pa

Unit

Comments
(S34.7)

n is total entropy
determined by (S32.5)
P, is the reference
pressure

(S34.8)

n is total entropy
determined by (S32.5)
P, is the reference
pressure

(S34.9)

n is total entropy
determined by (S32.5)
Ty=273.15K
0 is potential temperature
in °C
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Level 5: Approximate relations for initialisation of iterative routines

Table S35 (Flu_IF97_5): Implementations of the IF97 industrial formulation approximations to
the density and Gibbs potential functions for pure liquid water and water vapour. (See Part I,
section 6.)

(S35) Flu_IF97_5 Module

Function call Mathematlcal Unit Comments
equation

chk_iapws97_table(): Check routine for the industrial formulation IF-97 of TAPWS-95
(S35.1)

chk_iapws97_table accepts arguments of 5 and 15 corresponding to tables 5 and 15 of IAPWS-
IF97. Table 5 compares results for (7", P) = (300 K, 3 MPa), (300K, 80 MPa) and (500 K, 3 MPa)
and table 15 compares results for (7, P) = (300 K, 3500 Pa), (700 K, 3500 Pa) and (700K, 30 KPa).
Locally calculated values of Gibbs energy, enthalpy, internal energy, entropy, specific heat
capacity at constant pressure and sound speed are compared with published results. The published
results are shown to the number of digits expected to be reproduced by double precision code.

fit_lig_density_if97_si: density of liquid water as a function of temperature and pressure, in region

1 (liquid) in IAPWS-IF97 (S35.2)
g™ represents the
fit_lig_density_if97_si(t, p) 9g ™70 -1 ke Gibbs potential function
t=T/K {—} — corresponding to region 1
p=P/Pa P m in the IF97 industrial
formulation
fit_lig_g_if97_si: Gibbs function and its 1st and 2nd derivatives with respect to temperature and
pressure, as defined for region 1 (liquid) in IAPWS-IF97 (S35.3)
fit_lig_g if97_si(n, m, 1, p) g Jm"
t=T/K —— "1, P) See comment for (S35.2)
p=P/Pa oT"oP" K'kg
fit_vap_density_if97_si: density of water vapour as a function of temperature and pressure, in
region 2 (vapour) in IAPWS-IF97 (S35.4)
g™ represents the
fit_vap_density if97_si(t, p) 9™ -1 ke Gibbs potential function
t=7T/K [} — corresponding to region 2
p=P/Pa oP m in the IF97 industrial
formulation
fit_vap_g_if97_si: Gibbs function and its 1st and 2nd derivatives with respect to temperature and
pressure, as defined for region 2 (vapour) in IAPWS-IF97 (S35.5)
fit_vap_g_if97_si(n, m, t, p) g T
t=T/K ——g"™"(T, P) See comment for (S35.4)

p=P/Pa oT"oP" K'kg""!
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Table S36 (Ice_Flu_5): Implementation of the correlation functions for the melting and
sublimation of ice as proposed in Feistel (2006).

(S36) Ice_Flu_5 Module

Function call Mathematical equation Unit Comments
fit_ice_liq_pressure_si : Melting pressure as a function of temperature (S36.1)
Determined from a fit of the
fit_ice_liq_pressure_si(t) . . function . Pa
t=T/K ice_lig_pressure_si,

as in TAPWS (2008b)
fit_ice_liq_temperature_si : the melting temperature of ice as a function of pressure (S36.2)

- . . Determined from a fit of the
fit_ice_lig_temperature_si

©®) function

p_ P /Pa ice_liq_temperature_si,
p= unpublished
fit_ice_vap_pressure_si : the sublimation pressure as a function of temperature (S36.3)

Determined from a fit of the
fit_ice_vap_pressure_si(t) function
. . Pa

t=T/K ice_vap_pressure_si, as

in IAPWS (2008b)

Table S37 (Sea_5a): Thermohaline properties of seawater expressed in common oceanographic
units. The conversion faction of conservative temperature, ® = h°/c?, with respect to potential

enthalpy, %, is ¢’ =3991.867 957119 63Jkg ™ K. (See Part I, sections 4.3, ax4.3.)

(S37) Sea_5a Module

Function call Mathematical equation Unit Comments
sea_alpha_ct_si: thermal expansion coefficient of seawater with respect to conservative
temperature, in basic SI units (S37.1)

i ® _ 0_h
Sea—alpha—Ct_TSI(S’ Lp @ =cp0 o is computed from
s=Sx/(kgkg ") 1 . :
- _ _1(dp —  sea_eta_expansion_h_si,
t=T/K =30 K (S17.6)
p=P/Pa p IO :
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Table S37 (Sea_5a), continued

(S37) Sea_5a Module, cont’d

Function call Mathematical equation Unit Comments
sea_alpha_pt0_si: thermal expansion coefficient of seawater with respect to potential
temperature, in basic SI units (S37.2)
se_a_alpha_ptg_sms, L. P) 1(9 o’ is computed from
s=Sa/(kgkg ) of =——| %P i
t=T/K = 006, , — sea_eta_gxpansmn
p=P/Pa A _theta_3|, (517.8)
sea_alpha_t_si: thermal expansion coefficient of seawater, in basic ST units (S37.3)
sea_alpha_t_si(s, t, p) T.

s =S/ (kg kg ) o = _l(a_pj 1 o 18 compute.d from .
— sea_g_expanS|on_t_S|,
t=T/K p\oT S,.P K (S12.10)
p=P/Pa '
sea_beta_ct_si: haline contraction coefficient of seawater at fixed conservative temperature, in
basic SI units (S37.4)
sea_beta_ct_si(s, 1, p) ,[)7® is computed from
s =S8,/ (kgkg™") o_1(0p kg puied It
- B = —=  sea_eta_contraction_h
t=1/K PAOSA Jyop ke si, (S17.1)
p=P/Pa — ’
sea_beta_pt0_si: haline contraction coefficient of seawater at fixed potential temperature, in
basic SI units (S37.5)
sea_beta_pt0_si(s, t, p) 9.
s =Sx/(kgkg D) g0 1 9p kg p’ is computed fro.m
t=T/K = 0 aSA kg sea_eta_cpntractlon
9,P
p=P/Pa _theta_3|, (517.3)
sea_beta_t_si: haline contraction coefficient of seawater at fixed in situ temperature, in basic SI
units (S37.6)
sea_beta_t_si(s, t, p) T.
s =Sx/ (kg kg ™) . 1 ap ke pis Computec} from .
t=T/K B = — sea_g_contraction_t_si,
= p\ds, p kg
: (S12.9)
p=P/Pa
sea_cabb_ct_si: cabbeling coefficient with respect to conservative temperature, in basic ST units
(S37.7)

sea_cabb_ct_si(s, t, p) co_[92°) ,,a°(da®
S=Sp/ (k o k _‘1) P ’ 00 5P e\ as, > Third derivatives of the
ey = —1 potential function are done

— P) )
; __T/ s _(@%)(28° L by finite differences
p =P/Pa ﬁ® aSA or
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Table S37 (Sea_5a), continued

(S37) Sea_5a Module, cont’d

Function call Mathematical equation Unit Comments
sea_cabb_pt0_si: cabbeling coefficient with respect to potential temperature, in basic SI units
(S37.8)
o 0 o
sea_cabb_pt0_si(s,t,p) C; = [830; J +2aa[aa? J Third derivatives of the
s=S4/(kgkg™) s P AJop 1 potential function are
= 71’3//1; B (aﬂ]z(aﬁ” ] K?2 d((;pf?fby finite
p= a 5°) | 3s, ” ifferences
sea_ctmp_from_ptmp0_si: conservative temperature from absolute salinity and potential
temperature, in basic SI units (S37.9)
sea_ctmp_from_ptmp0
_Si(s, 1) ©=273.15K K The reference pressure is
s=Sx/(kgkg™") +h(S,.0,P)/c" Po=101325Pa
t=0/K
sea_ptmpO0_from_ctmp_si: potential temperature from absolute salinity and conservative
temperature, in basic SI units (S37.10)
sea_ptmp0_from_ctmp 6 determined from
_Si(s, 1) 2 @ =273 15K K The reference pressure is
S=Sr/(kgkg) o Py=101325 Pa
t=0/K +h(SA,9,PO)/Cp
sea_thrmb_ct_si: thermobaric coefficient with respect to conservative temperature, in basic SI
units (S37.11)
. ) da° . .
sea_thrmb_ct_si(s, t, p) I, = o Third derivatives of the
s=S4/(kgkg™) $4:0 1 potential function are
t= T//I; ~ a_® ﬁ K Pa dor.lfef by finite
p=P/Pa ﬂ@ P . differences
sea_thrmb_pt0_si: thermobaric coefficient with respect to potential temperature, in basic SI units
(S37.12)
: o_[0a’ . .
sea_thrmb_pt0_si(s, t, p) 1, = 3P Third derivatives of the
s=Sx/(kgkg™) S48 1 potential function are
t= T//I; B 0(_6' 3° K Pa dor.lfef by finite
p=P/Pa 5°\ 0P » differences

As
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Table S38 (Air_5): This module implements properties of moist air that are expressed or accept
inputs in units other than basic SI. (See Part I, section 3.4.)

(S38) Air_5 Module

Function call Mathematical equation Unit Comments
air_lapserate_moist_c100m: Returns the adiabatic lapse rate of humid air in deg ¢ per 100 m
altitude change (S38.1)

Computed from

air_lapserate_moist_c100m air_f lapserate_si

(rh, t, p) v which gives the
. gx100x f7, °C lapse rate with
rh = RHwwmo in % p( frl,\;v )2 —fA (2 prv +p fp/ZV) 100m respect to pressure.
t=¢/°C Multiplying by
0=P/hPa 100xpxg gives the
lapse rate per 100
meters.

Table S39 (Lig_FO03_5): Implementations of the IAPWS-09 Gibbs function for liquid-water
(Feistel, 2003) and selected properties based on it. This function is far more efficient than [APWS-
95 but its validity is restricted to the Neptunian range of temperatures and pressures. (See Part I,
section 6.)

(S39) Liq_F03_5
Function call Mathematical equation Unit Comments

chk_iapws09_table6: Check values for the pure liquid water Gibbs function of Feistel (2003)
(S39.1)

chk_iapws09_table6 produces a comparison of locally calculated results for pure liquid water
with those published in Table 6 of IAPWS-09 which is based on Feistel's (2003) Gibbs function
formulation for pure liquid water in the Neptunian range of 7 and P. Results are compared
successively for (T, P) = (273.15 K, 101325 Pa), (273.15 K, 10® Pa) and (313.15 K, 101325 Pa).
For each T-P pair, results are compared for the Gibbs function, its first and second derivatives as
well as the enthalpy, Helmholtz energy, internal energy, entropy, specific heat at constant pressure
and soundspeed. The published results are shown to the number of digits expected to be
reproduced by double precision code.

fit_lig_cp_f03_si: specific isobaric heat capacity cp of liquid water computed from the Gibbs

function of Feistel (2003) (S39.2)
g"” is the Gibbs function
fit_lig_cp_f03_si(, p) j of liquid water (IAPWS
t=7T/K c,=-Tgp oK 2009) and subscripts
p=P/Pa & represent partial
derivatives
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Table S39 (Lig_F03_5), continued

(S39) Liq_F03_5

Function call Mathematical equation Unit Comments
fit_lig_density_f03_si: density of pure liquid water computed from the Gibbs function of Feistel
(2003) (S39.3)
fit_lig_density_f03_si(t, p) K
t=7T/K p=lg*]" =8 See comment for ($39.2)
p=P/Pa m
fit_lig_expansion_f03_si: thermal expansion of liquid water computed from the Gibbs function
of Feistel (2003) (S39.4)
fit_lig_expansion_f03_si s
,Et’:p% /K a= % % See comment for (S39.2)
p=P/Pa
fit_lig_g fO3_si: Gibbs function of pure water as defined in Feistel (2003) (S39.5)
fit_lig_g_f03_si(n, m, t, p) gnm g ¥ I G
t=T/K
p:P/Pa aT"BP’” Knkg n+m§2
fit_lig_kappa_t_fO3_si: isothermal compressibility of liquid water computed from the Gibbs
function of Feistel (2003) (839.6)
fit_lig_kappa_t_fO3_si .

,Et’:p% /K Ky == ig& Pia See comment for (S39.2)
p=P/Pa

fit_lig_soundspeed_f03_si: sound speed of pure liquid water computed from the Gibbs function
of Feistel (2003) (S839.7)
fit_lig_soundspeed_f03_si -

m

,Et’:p%/ K c=¢g ,F)(B\/ ) g_TTg o " See comment for (S39.2)
p=P/Pa
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Table S40 (OS2008_5): Implementation of checking routines for each of the tables in Feistel et
al. (2008).

(S40) 0S2008_5 Module

Function call Comments
chk_0s2008_table(): Check values for pure fluid water, ice and seawater as tabulated in Feistel
et al. (2008). (S40.1)

chk_0s2008_table() produces a set of comparison tables between locally calculated results and
the results tabulated in Feistel et al. (2008). The input argument refers to table labels in this
publication and takes the values 2, 3, A2-A8. Feistel et al. used quadruple precision calculations to
ensure mutual consistency between the formulations for pure fluid water, ice Th and seawater, thus
updating the check tables that were published in previous IAPWS Releases. The published results
are shown to the accuracy given in Feistel et al. (2008) with a vertical line to indicate the digits
expected to be accurately reproduced with double precision (64 bit) calculations.

Table S41 (GSW_Library_5): Thermohaline properties of seawater included in the GSW Library
(see www.teos-10.org). The input and output units and the function names correspond to those in
the GSW Library, but the routines use the approaches and routines used in the SIA Library in
order to provide a cross-check on the results obtained. In all cases, we use the routine
fit_lig_g_f03_si for the calculations done in this module so that numerical efficiency is improved
and results agree to within roundoff error.

(S41) GSW_Library_5 Module

Function call Mathematical equation Unit Comments
gsw_alpha_ct: thermal expansion coefficient of seawater with respect to conservative
temperature, in practical oceanographic units (S41.1)

® _ 0,k
gs_wgz:;l?hi_gt)(s, Lp 05~ =R Computed by calling the
o ?"Cg g _ 1 ( 9P J e corresponding si routine
p =p/dbar p\I® s, (537.1)
gsw_alpha_pt0: thermal expansion coefficient of seawater with respect to potential temperature,
in practical oceanographic units (S41.2)
gS;S_WEEi/lg()hi_Pl’[)O(S, 5[ ) 1(9p 1 Computed by calling the
X —_t ;\"Cg g o = _;(ﬁj e corresponding si routine
- Sa.P
0 =p/dbar (S37.2)
gsw_alpha_t: thermal expansion coefficient of seawater with respect to in situ temperature, in
practical oceanographic units (S41.3)
gS:WSTa/IF()hi—tE?’ Lp) , 1(dp 1 Computed by calling the
t=; ;\O Cg & a = —; o °C corresponding si routine
= Sp.P
0 = p/dbar (S37.3)
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Table S41 (GSW__Library_5), continued

(S41) GSW_Library_5 Module (cont'd)

Function call Mathematical equation Unit Comments
gsw_asal_from_psal: Converts from Practical Salinity to Absolute Salinity, possibly allowing for
composition anomalies using a lookup table. (S41.4)
gsw_asal_from_psal Note that P, long and lat
(sp, long, lat, p) are required to estimate
Sp = Sp (Practical Salinity) Sa =[Sp x (35.16504/35 )_1 £ the effep SEREe s o
long = longitude in degrees + dSa(long, lat, p)] kg kg kg Aanomalies on Absolute
i iinge i dhmes from McDougall et al (2009). Salinity. If absent the

effect is neglected. P is the

p =P /dbar
sea pressure.

gsw_beta_ct: haline contraction coefficient of seawater at fixed in situ temperature, in practical

oceanographic units (541.5)

giwgk)/e(tgigg? 5[ o 1(0p ke Computed by calling the

t= ;\OC B°=— 3 — corresponding si routine
=1 AT g (S37.4)

p =p/dbar

gsw_Dbeta_pt0_si: haline contraction coefficient of seawater at fixed potential temperature, in

practical oceanographic units (S41.6)

sea_beta pt0_si(s, t, p)

s=Sx/ (ke kg 1) . 1{9p ke Computed by calling the
t=T/K B == 3 e corresponding si routine
ot A R 537
sea_beta_t_si: haline contraction coefficient of seawater at fixed in situ temperature, in practical
oceanographic units (S41.7)
:e:agbszi—tlzs_lg)s’ Lp . 1( ap ke Computed by calling the

A/ RS KE B == — corresponding si routine
t=T/K p\as k
p=P/Pa e : SR
gsw_cabb_ct: cabbeling coefficient with respect to conservative temperature, in practical
oceanographic units (S41.8)

oa® a® (da®
C® = P .
gS;S=W§C/EI(Zbk_gCt1()S, LP) b ( 00 ] s.p " £° (BSA ] or 1 Computed by calling the
F ?OC o2 25° Xz corresponding si routine
B _| & S37.7)
-/ [#)[55) <

p =p/dbar B° )\ as, or
gsw_cabb_pt0: cabbeling coefficient with respect to potential temperature, in practical
oceanographic units (S41.9)
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(2] (o
gsw_cabb_pt0(s, t, p) RFY sr  BOL3S, ),

_ 1 Computed by calling the
,[S:_IS?O/ ég ke™) AYS) 3° X2 corresponding si routine
7[5, 5579
gsw_cp: specific isobaric heat capacity cp of seawater computed using (S41.14) (S41.10)
gszwgcf((gsktg’_?; I %Y from (S41.15) and
G ?O C cp,=-Tg>" kg K subscripts represent partial
p_=p / dbar derivatives
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Table S41 (GSW__Library_5), continued

(S41) GSW_Library_5 Module (cont'd)

Function call Mathematical equation Unit Comments
gsw_ctmp_from_ptmp0: conservative temperature from absolute salinity and potential
temperature referenced to the surface, in standard oceanographic units (S41.11)
gsw_ctmp_from_ptmp0 Enthalpy is computed
(s, 1) . 0 o using (S41.13) and the
s=8,/(gkg™) O =h(Ss,0.R)/c, < reference pressure is
t=0/°C Py =0 dbar
gsw_dens: density of seawater (S41.12)

sw_dens(s, t,
T ¢ & P) 1 e €V from (841.15) and
t= T? o Cg g P="Gsw — subscripts represent
0= P/dbar 8r m partial derivatives
gsw_enthalpy: specific enthalpy based on (S41.14) (S41.13)
gsw_enthalpy(s, t, p) 5 g%V from (S41.15) and
s=8Aa/(gkg") _ _GSW _ GSW - :
t=T/°C h=g Tg, " subscripts represent
p_— P/ dbar & partial derivatives
gsw_entropy: specific entropy based on (S41.14) (S41.14)
zezagegt(roiy_—l?(s’ L. p) j gGSW from (S41.15) and
f= T/; o Cg £ n=-g>% oK subscripts represent
p_— P/ dbar & partial derivatives
gsw_Q: Gibbs function of seawater determined using fit_lig_g f03_si plus sal_g_si (S41.15)
tgig_/g()((j”: m: t: p) anergGSW Jl’mm3m n, m 2 0
p = P/dbar oT"oP" K'kg n+ms2
gsw_kappa: isentropic compressibility based on (S41.14) (S41.16)

sw_kappacs, t, p) K = —l(ﬂ]
o ar ), . g%V from (S41.15) and
t=T/°C ( Gsw )2 @ Pa subS(;rlpts represent
0= P/ dbar _ 8 8rr_8pp partial derivatives

g}?SW gTGﬁW
gsw_kappa_t: isothermal compressibility based on (S41.14) (S41.17)
1(dv

sea_kappa_{(s, t, — || 22
Ss=gS /?pk_g) P) Kr V(apjs , 1 g%V from (S41.15) and
t= T? o Cg £ Gsw . — subscripts represent
p__ =l _ _8pr Pa partial derivatives

- GSW

8p
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Table S41 (GSW__Library_5), continued

(S41) GSW_Library_5 Module (cont'd)

Function call Mathematical equation Unit Comments
gsw_pden: potential density based on (S41.14) and (S41.18) (S41.18)
2e_a§p9?n§(3,;[3 P, p) 6 determined from (S41.20)
; —_T? 5 Cg £ P 1 kg P, is the reference sea

__ P/ dbar g2V (S,.0,P) m’> pressure and subscripts
Er__ P/ dbar represent partial derivatives
gsw_psal_from_asal: Converts from Absolute Salinity to Practical Salinity, possibly allowing for
composition anomalies using a lookup table. (S41.19)
gsw_psal_from_asal Note that P, long and lat are
(s, long, lat, p) Sp = (35/35.16504) x required to estimate the effect
S=SA/(g kg’l) (Sa — dSa(long, lat, p)) from 1 of composition anomalies on
long = longitude in degrees McDougall et al (2009). Absolute Salinity. If absent
lat = latitude in degrees the effect is neglected. P is
p =P/ dbar the sea pressure.
gsw_ptmp: potential temperature (541.20)

0 determined by iterative
sea_ptmp(s, t, p, pr i
.o EE/ (gpf(g—l) P, pr) solution of gf’sw from (S41.15).
t=T/°C n=-—g>"(s,.6,P) oc  Determine 7 and then solve
p=P/Pa with iteratively for 6.
pr=P./Pa

n=-g:" (SaT,P)
gsw_ptmp0_from_ctmp: potential temperature from absolute salinity and conservative

temperature (S41.21)
gsw_ptmp0_from_ctmp 6 determined from

(s, b 1 iterative solution of oC The reference pressure is
s=Sx/(gke™) Py =0 dbar
e © O =h(S,,0,P)/c"

gsw_specvol: specific volume based on (S41.14) (S41.22)
ice_specific_volume_si

(s, t,,p) o g%V from (S41.15) and
s=Sx/(gkg™) v=gV —  subscripts represent partial
t=7T/°C kg derivatives

p = P/dbar
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Table S41 (GSW__Library 5), continued

(S41) GSW_Library_5 Module (cont'd)

Function call Mathematical equation Unit Comments
gsw_svel: speed of sound based on (S41.14) (S41.23)
sea_svel(s, t, p) 2OV
s=Sa/(gkg") c= g,‘fSW\/ v oo M g%Vis the Gibbs function
t=T/°C (gTP ) — 8 8rp S (S41.15)

p = P/dbar
sea_thrmb_ct: thermobaric coefficient with respect to conservative temperature (S41.24)
doa®
T =
ze_agth/rzntl)(—dfgs’ Lp b ( oP j S 6 1 Computed by calling the
oA’ gXE h K dbar corresponding si routine
t=T/°C (C] a (C]
- _a (dp (S41.11)
p - ﬁ@ aP
sea_thrmb_pt0: thermobaric coefficient with respect to potential temperature (S41.25)
o’
T! =
ze_agth/rzntl)(—ﬂg) 1P ’ ( oP ] S 1 Computed by calling the
— oA gxe " Kdbar corresponding si routine
t=T/°C g a 6
o= P/ dbar _a’(df (S41.12)
- 0
B\ opP ),

Ao
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Table S42 (Convert_5): A routine to convert between different measures of pressure, temperature
and salinity in common use. The routines to convert between Practical Salinity and Absolute
Salinity are in Convert_0 (Table S1)

(S42) Convert_5 Module
Function call

Mathematical equation

cnv_pressure: Converts between different pressure units

cnv_pressure
(unit_out, input, unit_in)

unit_in = any of the units listed
to the right

p_in=P/unit_in

unit_out = any of the units
listed to the right

P/Pa = 10° P/MPa

P/Pa = 10° P/kPa

P/Pa = 10° P/hPa

P/Pa = 10" P**/dbar + 101325
P/Pa = 10® P/kbar

P/Pa = 10° P/bar

P/Pa = 10° P/mbar

P/Pa = P/torr * 101325 / 760
P/Pa = P/mmHg * 101325 /760
P/Pa = P/(1 atm) * 98.0665
P/Pa = P/psi * 6894.8

cnv_salinity: Converts between different salinity measures

cnv_salinity
(unit_out, s, unit_in,
t, p, long, lat)

unit_in = any of the units listed
to the right

s=S/unit_in

input = any of the units listed
to the right

t=7T/K

p=P/Pa

long = longitude in degrees

lat = latitude in degrees

Sr/(kg kg") = Cl(%0) x 1.80655
x 0.03516504 / 35
Sr/(kg kg™) = Sp
x 0.03516504 / 35

Sp is related to conductivity
temperature and pressure by the
full PSS78 conversion
formulae. T and P are required
for this conversion; if absent, T
=25° and P = 101325 Pa, are
assumed.

Sa is related to Sp by the
conversion routines in
Convert_0.

Comments
(S42.1)

Any combination of input and

output units can be specified.

All units must be specified in

capitals.

MPa => "MPA"

kPa => "KPA"

hPa => "HPA"

Pa =>"PA"

dbar =>"DBAR"

kbar => "KBAR"

bar =>"BAR"

mbar =>"MBAR"

torr => "TORR"

mm Hg =>"MMHG"

atm =>"ATM" or "KGF"

psi =>"PSI" or "LBF/IN2"
(S42.2)

Any combination of input and

output units can be specified.

All units must be specified in

capitals.

%0 =>"CL" (chlorinity)

sm/m =>"S/M", "SM/M" or

"CND" (conductivity)

pss78 => "PSU" or "PSS"
kg/kg => "KG/KG(REF)" for
Reference Salinity

kg/kg => "KG/KG(ABS)" for
Absolute Salinity

Position is required to
estimate the effect of
composition anomalies on
Absolute Salinity. If absent
the effect is neglected.
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Table S42 (Convert_5), continued

(S42) Convert_5 Module (cont'd)
Function call Mathematical equation
cnv_temperature: Converts between different temperature units

T/K(T68) = poly1(T/K(T48))
T/K(T68) = poly2(T/K(T90))
T/K(T90) = poly3(T/K(T48))
T/K(T90) = poly4(T/K(T68))

cnv_temperature
(unit_out, input, unit_in)

unit_out = any of the units
listed to the'rlght but. T48 T/K = T/°C + 273.15
output requires T48 input

t in =T/ unit_in T/°F=1.8T/°C + 32
unit_in = any of the units

o LT polyl-4 are distinct polynomials

Comments
(542.3)

Outputs on the T48
temperature scale are not
supported, but any other
combination of input and
output units can be specified.
All units must be specified in
capitals and enclosed in
quotes.

Valid (and self-evident) unit
specifiers are

"K(T48)"

"K(T68)"

"K(T90)"

"DEGC(T48)" "DEGC(T68)"
"DEGC(T90)"

"DEGF(T48)" "DEGF(T68)"
"DEGF(T90)"
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