
 
 
 

I S O R R O P I A  v 2 . 1  
R E F E R E N C E  M A N U A L   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C o p y r i g h t  1 9 9 6 - 2 0 0 9   
U n i v e r s i t y  o f  M i a m i ,  C a r n e g i e  M e l l o n  
U n i v e r s i t y ,  G e o r g i a  I n s t i t u t e  o f  T e c h n o l o g y  

 



ISORROPIA v2.1 REFERENCE MANUAL  

TABLE OF CONTENTS 

PREFACE 

ACKNOWLEDGMENTS 

1. INTRODUCTION...................................................................................................................... 1 

2. ISORROPIA OVERVIEW ....................................................................................................... 2 

2.1 Introduction......................................................................................................................... 2 

2.2 Filing system....................................................................................................................... 3 

2.3 The interactive driver ......................................................................................................... 5 

2.3.1 Introduction ...................................................................................................................................5 

2.3.2 Configuration file ISRPIA.CNF .................................................................................................5 

2.3.3 Batch mode input files ...................................................................................................................7 

2.3.4 Spreadsheet output format.............................................................................................................8 

2.3.5 Creating customized output.........................................................................................................10 

3. ISORROPIA PROGRAMMING REFERENCE .................................................................. 11 

3.1 SUBROUTINE ISOROPIA ............................................................................................. 11 

3.2 SUBROUTINE SETPARM ............................................................................................... 15 

3.3 SUBROUTINE GETPARM ............................................................................................... 17 

3.4 SUBROUTINE ISERRINF ............................................................................................. 18 

3.5 SUBROUTINE ERRSTAT ............................................................................................... 19 

3.6 SUBROUTINE ISORINF ............................................................................................... 20 

4. ISORROPIA STRUCTURE ................................................................................................... 22 

5. SUBROUTINE REFERENCE................................................................................................ 31 

6. DESCRIPTION OF GLOBAL VARIABLES ..................................................................... 115 

7. EXAMPLES OF USING ISORROPIA................................................................................ 124 



ISORROPIA v2.1 REFERENCE MANUAL  

7.1 Interactive demo ............................................................................................................. 124 

7.2 Batch mode demo ........................................................................................................... 127 

7.3 Generating customized output ........................................................................................ 128 

8. EXAMPLES OF PROGRAMMING ISORROPIA............................................................ 129 

8.1 Using the full interface ................................................................................................... 129 

8.2 Incorporation into air quality (or global) model ............................................................. 130 

9. REFERENCES....................................................................................................................... 132 

APPENDIX A: CHANGES BETWEEN VERSIONS OF ISORROPIA .............................. 133 

Changes between versions 1.7 and 2.1 .................................................................................... 133 

Changes between versions 1.5 and 1.7 .................................................................................... 133 

Changes between versions 1.4 and 1.5 .................................................................................... 136 

Changes between versions 1.3 and 1.4 .................................................................................... 136 

Changes between versions 1.1 and 1.3 .................................................................................... 137 

Changes between versions 1.0 and 1.1 .................................................................................... 138 

APPENDIX B: OLDER INTERFACES OF ISORROPIA .................................................... 139 

Interface for versions 1.1 to 1.7 .............................................................................................. 139 

Interface for version 1.0 ........................................................................................................... 140 

APPENDIX C: COMPILING ISORROPIA ........................................................................... 143 

Compiling with interactive driver ............................................................................................ 143 

Compiling with air quality (or global) model .......................................................................... 144 



ISORROPIA v2.1 REFERENCE MANUAL  

Preface 
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Engineering, Georgia Institute of Technology 
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either during runtime (SUBROUTINE KMFUL) or obtained from precalculated tables 

(SUBROUTINE KMTAB). 

SUBROUTINE ADJUST 

This subroutine adjusts to satisfy mass balance up to machine precision. It calculates the excess of 

each aerosol precursor, and if it exists, it adjusts sequentially aerosol phase species which contain 

the excess precursor. 

SUBROUTINE CALCA1 

This subroutine solves the forward problem of a sulfate poor, ammonium-sulfate aerosol system, 

when the relative humidity is below the DRH of (NH4)2SO4. The following species are possible: 

• Solids: (NH4)2SO4 

• Aqueous phase: Not present 

Solid (NH4)2SO4 is calculated from the amount of sulfates available. Excess ammonia is 

partitioned between gas and aqueous phase according to the NH NH OHg aq aq3 4( ) ( ) ( )← →⎯ ++ −  

equilibrium. 

SUBROUTINE CALCA2 

This subroutine solves the forward problem of a sulfate poor, ammonium-sulfate aerosol system, 

when the relative humidity is above the DRH of (NH4)2SO4. The following species are possible: 

• Solids: None 

• Aqueous phase: Present 
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FUNCTION FUNCA2 calculates the concentration of ions from the NH NH OHg aq aq3 4( ) ( ) ( )← →⎯ ++ −  

equilibrium, based on an estimation of H+. This process is iterated with respect to the 

concentration of H+, until electroneutrality is satisfied. 

SUBROUTINE CALCB1 

This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system, 

when the relative humidity is below the DRH of NH4HSO4. The following species are possible: 

• Solids: (NH4)3H(SO4)2, (NH4)2SO4, NH4HSO4 

• Aqueous phase: Present when RH ≥ MDRH, not present when RH < MDRH 

SUBROUTINE CALCB1A 

This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system, 

when the relative humidity is below the MDRH regions of SUBROUTINE CALCB1. The 

following species are possible: 

• Solids: (NH4)3H(SO4)2, NH4HSO4   or    (NH4)3H(SO4)2, (NH4)2SO4 

• Aqueous phase: Not present 

A material balance is performed which calculates the amount of (NH4)3H(SO4)2, (NH4)2SO4  and 

NH4HSO4. Only two of the three salts can exist simultaneously, one of which is always 

(NH4)3H(SO4)2. 
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SUBROUTINE CALCB1B 

This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system, 

when the relative humidity is in the MDRH regions of SUBROUTINE CALCB1. The following 

species are possible: 

• Solids: (NH4)3H(SO4)2, NH4HSO4    or    (NH4)3H(SO4)2, (NH4)2SO4 

• Aqueous phase: Present 

The solution is assumed to be the weighted average of two states; one being the dry aerosol 

calculated by SUBROUTINE CALCB1A, and the other, a liquid phase calculated by 

SUBROUTINE CALCB2. 

SUBROUTINE CALCB2 

This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system, 

when the relative humidity is between the DRH of NH4HSO4 and (NH4)3H(SO4)2. The following 

species are possible: 

• Solids: (NH4)3H(SO4)2, (NH4)2SO4 

• Aqueous phase: Present if in an MDRH, or if NH4HSO4 is possible. Otherwise, no aqueous 

phase is present. 

There are two subcases possible, depending on the type of salts that can exist. 

• When both (NH4)3H(SO4)2  and (NH4)2SO4 are possible, SUBROUTINE CALCB2A is called. 

• When only (NH4)3H(SO4)2  is possible, SUBROUTINE CALCB2B is called. 

SUBROUTINE CALCB2A1 
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This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system, 

when the relative humidity is between the DRH of NH4HSO4 and (NH4)3H(SO4)2. The following 

species are possible: 

• Solids: (NH4)3H(SO4)2, (NH4)2SO4 

• Aqueous phase: Present when RH ≥ MDRH, not present when RH < MDRH 

SUBROUTINE CALCB2A2 

This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system, 

when the relative humidity is above the DRH of NH4HSO4 and in the MDRH regions of 

SUBROUTINE CALCB2A. The following species are possible: 

• Solids: (NH4)3H(SO4)2, (NH4)2SO4 

• Aqueous phase: Present 

The solution is assumed to be the weighted average of two states; one being the dry aerosol 

calculated by SUBROUTINE CALCB2A1, and the other, a liquid phase calculated by 

SUBROUTINE CALCB3. 

SUBROUTINE CALCB2B 

This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system, 

when the relative humidity is between the DRH of NH4HSO4 and (NH4)3H(SO4)2. The following 

species are possible: 

• Solids: (NH4)3H(SO4)2 

• Aqueous phase: Present 
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The system is solved iteratively, using the amount of dissolved (NH4)3H(SO4)2 as the estimation 

variable. For each estimation, FUNCTION FUNCB2A calculates the ionic equilibria in the 

aqueous phase. The solubility product of (NH4)3H(SO4)2  is used as the objective function. 

SUBROUTINE CALCB3 

This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system, 

when the relative humidity lies between the DRH of (NH4)3H(SO4)2 and (NH4)2SO4. The 

following species are possible: 

• Solids: (NH4)2SO4 

• Aqueous phase: Present 

There are two possible cases, depending on if solids can form. When solid (NH4)2SO4 is possible 

(i.e. when the sulfate ratio is greater than 1.5), SUBROUTINE CALCB3A is called, otherwise, 

SUBROUTINE CALCB3B is called. 

SUBROUTINE CALCB3A 

This subroutine solves the forward problem of a sulfate rich, ammonium-sulfate aerosol system, 

when the relative humidity lies between the DRH of (NH4)3H(SO4)2 and (NH4)2SO4. The 

following species are possible: 

• Solids: (NH4)2SO4 

• Aqueous phase: Present 
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The iterative solution algorithm of SUBROUTINE CALCM4 is used, with the difference that 

NH4Cl does not precipitate. 

SUBROUTINE CALCM6 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals poor, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of MgSO4 and Na2SO4. The following species are 

possible: 

• Solids: CaSO4, Na2SO4, K2SO4 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCM5 is used, with the difference that 

MgSO4 does not precipitate. 

SUBROUTINE CALCM7 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals poor, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of Na2SO4 and K2SO4. The following species are 

possible: 

• Solids: CaSO4, K2SO4 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCM6 is used, with the difference that 

Na2SO4 does not precipitate. 
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SUBROUTINE CALCM8 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals poor, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is above the DRH of K2SO4. The following species are possible: 

• Solids: CaSO4 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCM7 is used, with the difference that 

K2SO4 does not precipitate. 

SUBROUTINE CALCP1 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is below the DRH of CaCl2. The following species are possible: 

• Solids: CaSO4, Ca(NO3)2, CaCl2, K2SO4, KNO3, KCl, MgSO4, Mg(NO3)2, MgCl2, NaNO3, 

NaCl, NH4NO3, NH4Cl 

• Aqueous phase: Present when RH ≥ MDRH, not present when RH < MDRH 

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCP1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRH2. 

SUBROUTINE CALCP1A 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 
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the relative humidity is below the MDRH regions of SUBROUTINE CALCP1. The following 

species are possible: 

• Solids: CaSO4, Ca(NO3)2, CaCl2, K2SO4, KNO3, KCl, MgSO4, Mg(NO3)2, MgCl2, NaNO3, 

NaCl, NH4NO3, NH4Cl 

• Aqueous phase: Not present 

Calcium, potassium and magnesium react with the sulfates to form CaSO4, MgSO4, K2SO4. The 

remaining calcium, potassium and magnesium first reacts to form Ca(NO3)2, Mg(NO3)2, KNO3 

then if possible, CaCl2, MgCl2, KCl. Na and NH3 then reacts to form NaNO3, NaCl, and NH4NO3 

and NH4Cl. 

SUBROUTINE CALCP2 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of CaCl2 and MgCl2. The following species are 

possible: 

• Solids: CaSO4, Ca(NO3)2, K2SO4, KNO3, KCl, MgSO4, Mg(NO3)2, MgCl2, NaNO3, NaCl, 

NH4NO3, NH4Cl 

• Aqueous phase: Present when CaCl2 exists or when RH ≥ MDRH, not present when RH < 

MDRH 

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCP1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRH2. 

SUBROUTINE CALCP2A 
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This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of CaCl2 and MgCl2. An aqueous phase is also 

presumed to exist. The following species are possible: 

• Solids: CaSO4, Ca(NO3)2, K2SO4, KNO3, KCl, MgSO4, Mg(NO3)2, MgCl2, NaNO3, NaCl, 

NH4NO3, NH4Cl 

• Aqueous phase: Present. 

The system is solved iteratively, with respect to the amount of gas phase HCl. For each 

estimation, FUNCTION FUNCP2A calculates the ionic equilibria in the aqueous phase, together 

with the amount of precipitated salts and gas phase NH3, HNO3. The objective function used is 

the departure of Cl-
(aq), HCl(g) from equilibrium, according to the reaction ++ +⎯→← )()( aqaq ClHHClg . 

SUBROUTINE CALCP3 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of MgCl2 and Ca(NO3)2. The following species are 

possible: 

• Solids: CaSO4, Ca(NO3)2, K2SO4, KNO3, KCl, MgSO4, Mg(NO3)2, NaNO3, NaCl, NH4NO3, 

NH4Cl 

• Aqueous phase: Present when nitrates or chlorides exist or when RH ≥ MDRH, not present 

when RH < MDRH. 
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The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCP1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRH2. 

SUBROUTINE CALCP3A 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of MgCl2 and Ca(NO3)2. An aqueous phase is 

presumed to exist. The following species are possible: 

• Solids: CaSO4, Ca(NO3)2, K2SO4, KNO3, KCl, MgSO4, Mg(NO3)2, NaNO3, NaCl, NH4NO3, 

NH4Cl 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCP2A is used, with the difference that 

MgCl2 does not precipitate. 

SUBROUTINE CALCP4 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of Ca(NO3)2 and Mg(NO3)2. The following species are 

possible: 

• Solids: CaSO4, K2SO4, KNO3, KCl, MgSO4, Mg(NO3)2, NaNO3, NaCl, NH4NO3, NH4Cl 

• Aqueous phase: Present when nitrates exist or when RH ≥ MDRH, not present when RH < 

MDRH. 
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The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCP1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRH2. 

SUBROUTINE CALCP4A 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals poor, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of Ca(NO3)2 and Mg(NO3)2. An aqueous phase is 

presumed to exist. The following species are possible: 

• Solids: CaSO4, K2SO4, KNO3, KCl, MgSO4, Mg(NO3)2, NaNO3, NaCl, NH4NO3, NH4Cl 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCP3A is used, with the difference that 

Ca(NO3)2  does not precipitate. 

SUBROUTINE CALCP5 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of Mg(NO3)2 and NH4NO3. The following species are 

possible: 

• Solids: CaSO4, K2SO4, KNO3, KCl, MgSO4, NaNO3, NaCl, NH4NO3, NH4Cl 

• Aqueous phase: Present when nitrates exist or when RH ≥ MDRH, not present when RH < 

MDRH. 
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The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCP1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRH. 

SUBROUTINE CALCP5A 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of Mg(NO3)2 and NH4NO3. An aqueous phase is 

presumed to exist. The following species are possible: 

• Solids: CaSO4, K2SO4, KNO3, KCl, MgSO4, NaNO3, NaCl, NH4NO3, NH4Cl 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCP4A is used, with the difference that 

Mg(NO3)2  does not precipitate. 

SUBROUTINE CALCP6 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of NH4NO3 and NaNO3. An aqueous phase is presumed 

to exist. The following species are possible: 

• Solids: CaSO4, K2SO4, KNO3, KCl, MgSO4, NaNO3, NaCl, NH4Cl 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCP5A is used, with the difference that 

NH4NO3 does not precipitate. 
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SUBROUTINE CALCP7 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of NaNO3 and NaCl. The following species are 

possible: 

• Solids: CaSO4, K2SO4, KNO3, KCl, MgSO4, NaCl, NH4Cl 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCP6 is used, with the difference that 

NaNO3  does not precipitate. 

SUBROUTINE CALCP8 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of NaCl and NH4Cl. The following species are possible: 

• Solids: CaSO4, K2SO4, KNO3, KCl, MgSO4, NH4Cl 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCP7 is used, with the difference that 

NaCl  does not precipitate. 

SUBROUTINE CALCP9 
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This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of NH4Cl and KCl. The following species are possible: 

• Solids: CaSO4, K2SO4, KNO3, KCl, MgSO4 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCP8 is used, with the difference that 

NH4Cl  does not precipitate. 

SUBROUTINE CALCP10 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of KCl and MgSO4. The following species are possible: 

• Solids: CaSO4, K2SO4, KNO3, MgSO4 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCP9 is used, with the difference that KCl  

does not precipitate. 

SUBROUTINE CALCP11 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of MgSO4 and KNO3. The following species are 

possible: 
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• Solids: CaSO4, K2SO4, KNO3 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCP10 is used, with the difference that 

MgSO4  does not precipitate. 

SUBROUTINE CALCP12 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of KNO3 and K2SO4. The following species are 

possible: 

• Solids: CaSO4, K2SO4 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCP11 is used, with the difference that 

KNO3  does not precipitate. 

SUBROUTINE CALCP13 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is above the DRH of K2SO4. The following species are possible: 

• Solids: CaSO4 

• Aqueous phase: Present. 
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The iterative solution algorithm of SUBROUTINE CALCP12 is used, with the difference that 

K2SO4  does not precipitate. 

SUBROUTINE CALCL1 

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-

sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is below 

the DRH of NH4HSO4. The following species are possible: 

• Solids: CaSO4, K2SO4, MgSO4, KHSO4, Na2SO4, (NH4)2SO4, NaHSO4, NH4HSO4, 

(NH4)3H(SO4)2 

• Aqueous phase: Present when RH ≥ MDRH, not present when RH < MDRH 

The case of a dry aerosol (RH < MDRH) is handled by SUBROUTINE CALCL1A, while the 

mutual deliquescence region is handled by SUBROUTINE CALCMDRH2. 

SUBROUTINE CALCL1A 

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-

sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is below 

the DRH of NH4HSO4. The following species are possible: 

• Solids: CaSO4, K2SO4, MgSO4, KHSO4, Na2SO4, (NH4)2SO4, NaHSO4, NH4HSO4, 

(NH4)3H(SO4)2 

• Aqueous phase: None 

All of the calcium, magnesium, potassium and sodium reacts with sulfate to produce CaSO4, 

K2SO4, MgSO4, KHSO4, Na2SO4 and NaHSO4. The remaining sulfate reacts with ammonia to 

form  (NH4)2SO4, (NH4)3H(SO4)2 and/or NH4HSO4. HCl and HNO3 remain in the gas phase. 
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SUBROUTINE CALCL2 

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-

sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between 

the DRH of NH4HSO4 and NaHSO4. The following species are possible: 

• Solids: CaSO4, K2SO4, MgSO4, KHSO4, Na2SO4, (NH4)2SO4, NaHSO4, (NH4)3H(SO4)2 

• Aqueous phase: Present when NH4HSO4 exists (which deliquesces) or when RH ≥ MDRH. 

Water not present when RH < MDRH 

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCL1A. The mutual 

deliquescence region is handled by SUBROUTINE CALCMDRH2. If NH4HSO4 exists, then it is 

solved by SUBROUTINES CALCL2A and CALCL2B. 

 

SUBROUTINE CALCL2A 

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-

sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between 

the DRH of NH4HSO4 and NaHSO4. An aqueous phase is presumed to exist. The following 

species are possible: 

• Solids: CaSO4, K2SO4, MgSO4, KHSO4, Na2SO4, (NH4)2SO4, NaHSO4, (NH4)3H(SO4)2 

• Aqueous phase: Present 

The system is solved iteratively, using the amount of dissolved (NH4)3H(SO4)2 as the estimation 

variable. For each estimation, FUNCTION FUNCL2A calculates the ionic equilibria in the 

aqueous phase. The solubility product of (NH4)3H(SO4)2 is used as the objective function. 
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SUBROUTINE CALCL2B 

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-

sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between 

the DRH of NH4HSO4 and NaHSO4. An aqueous phase is presumed to exist. The following 

species are possible: 

• Solids: CaSO4, K2SO4, MgSO4, KHSO4, Na2SO4, (NH4)2SO4, NaHSO4, (NH4)3H(SO4)2 

• Aqueous phase: Present 

The system is solved iteratively, using the amount of dissolved Na2SO4 as the estimation variable. 

For each estimation, FUNCTION FUNCL2B calculates the ionic equilibria in the aqueous phase. 

The solubility product of Na2SO4 is used as the objective function. 

SUBROUTINE CALCL3 

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-

sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between 

the DRH of NaHSO4 and (NH4)3H(SO4)2. The following species are possible: 

• Solids: CaSO4, K2SO4, MgSO4, KHSO4, Na2SO4, (NH4)2SO4, (NH4)3H(SO4)2 

• Aqueous phase: Present when NH4HSO4 or NaHSO4 exists (dissolved) or when RH ≥ 

MDRH. Water not present when RH < MDRH 

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCL1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRH2. If 

NH4HSO4 or NaHSO4 exists, then the case is solved by SUBROUTINES CALCL3A and 

CALCL3B. 
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SUBROUTINE CALCL3A 

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-

sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between 

the DRH of NaHSO4 and (NH4)3H(SO4)2. Bisulfate salts are dissolved in an aerosol phase which 

is presumed to exist. The following species are possible: 

• Solids: CaSO4, K2SO4, MgSO4, KHSO4, Na2SO4, (NH4)2SO4, (NH4)3H(SO4)2 

• Aqueous phase: Present  

The iterative solution algorithm of SUBROUTINE CALCL2A is used, with the difference that 

NaHSO4 does not precipitate. 

SUBROUTINE CALCL3B 

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-

sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between 

the DRH of NaHSO4 and (NH4)3H(SO4)2. Bisulfate salts are dissolved in an aerosol phase which 

is presumed to exist. The following species are possible: 

• Solids: CaSO4, K2SO4, MgSO4, KHSO4, Na2SO4, (NH4)2SO4, (NH4)3H(SO4)2 

• Aqueous phase: Present  

The iterative solution algorithm of SUBROUTINE CALCL2B is used, with the difference that 

NaHSO4 does not precipitate. 

SUBROUTINE CALCL4 
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This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-

sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between 

the DRH of (NH4)3H(SO4)2 and (NH4)2SO4. The following species are possible: 

• Solids: CaSO4, K2SO4, MgSO4, KHSO4, Na2SO4, (NH4)2SO4 

• Aqueous phase: Present  

The system is solved iteratively, using the amount of dissolved Na2SO4 as an estimation variable. 

For each estimation, FUNCTION FUNCL4 calculates the ionic equilibria in the aqueous phase. 

The solubility product of Na2SO4 is used as the objective function. 

 

 

SUBROUTINE CALCL5 

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-

sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between 

the DRH of (NH4)2SO4 and KHSO4. The following species are possible: 

• Solids: CaSO4, K2SO4, MgSO4, KHSO4, Na2SO4 

• Aqueous phase: Present  

The system is solved iteratively, using the same algorithm as in SUBROUTINE CALCL4 with 

the difference that (NH4)2SO4 does not precipitate. 

SUBROUTINE CALCL6 
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This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-

sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between 

the DRH of KHSO4 and MgSO4. The following species are possible: 

• Solids: CaSO4, K2SO4, MgSO4, Na2SO4 

• Aqueous phase: Present  

The system is solved iteratively, using the same algorithm as in SUBROUTINE CALCL5 with 

the difference that KHSO4 does not precipitate. 

SUBROUTINE CALCL7 

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-

sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between 

the DRH of MgSO4 and Na2SO4. The following species are possible: 

• Solids: CaSO4, K2SO4, Na2SO4 

• Aqueous phase: Present  

The system is solved iteratively, using the same algorithm as in SUBROUTINE CALCL6 with 

the difference that MgSO4 does not precipitate. 

SUBROUTINE CALCL8 

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-

sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is between 

the DRH of Na2SO4 and K2SO4. The following species are possible: 

• Solids: CaSO4, K2SO4 
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• Aqueous phase: Present  

The system is solved iteratively, using the amount of dissolved K2SO4 as the estimation variable. 

For each estimation, FUNCTION FUNCL8 calculates the ionic equilibria in the aqueous phase. 

The solubility product of K2SO4 is used as the objective function. 

SUBROUTINE CALCL9 

This subroutine solves the forward problem of a sulfate rich, calcium-potassium-magnesium-

sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative humidity is above 

the DRH of K2SO4. The following species are possible: 

• Solids: CaSO4 

• Aqueous phase: Present  

The concentrations of species are mainly determined by the HSO H SOaq aq aq4 4
2

( ) ( ) ( )
− + −← →⎯ +  

equilibrium. 

SUBROUTINE CALCK1 

This subroutine solves the forward problem of a sulfate super-rich, calcium-potassium-

magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative 

humidity is below the DRH of NH4HSO4. The following species are possible: 

• Solids: NH4HSO4, NaHSO4, KHSO4,CaSO4 

• Aqueous phase: Present  

The system is solved iteratively, using the amount of dissolved KHSO4 as an estimation variable. 

For each estimation, FUNCTION FUNCK1 calculates the dissolved KHSO4 and the ionic 
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equilibria in the aqueous phase. The solubility product of KHSO4 is used as the objective 

function. 

SUBROUTINE CALCK2 

This subroutine solves the forward problem of a sulfate super-rich, calcium-potassium-

magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative 

humidity is between the DRH of NH4HSO4 and NaHSO4. The following species are possible: 

• Solids: NaHSO4, KHSO4,CaSO4 

• Aqueous phase: Present  

The system is solved iteratively, using the amount of dissolved KHSO4 as an estimation variable. 

For each estimation, FUNCTION FUNCK2 calculates the dissolved KHSO4 and the ionic 

equilibria in the aqueous phase. The solubility product of KHSO4 is used as the objective 

function. 

SUBROUTINE CALCK3 

This subroutine solves the forward problem of a sulfate super-rich, calcium-potassium-

magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative 

humidity is between the DRH of NaHSO4 and KHSO4. The following species are possible: 

• Solids: KHSO4,CaSO4 

• Aqueous phase: Present  

The system is solved iteratively, using the amount of dissolved KHSO4 as an estimation variable. 

For each estimation, FUNCTION FUNCK3 calculates the dissolved KHSO4 and the ionic 
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equilibria in the aqueous phase. The solubility product of KHSO4 is used as the objective 

function. 

SUBROUTINE CALCK4 

This subroutine solves the forward problem of a sulfate super-rich, calcium-potassium-

magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the relative 

humidity is above the DRH of KHSO4. The following species are possible: 

• Solids: CaSO4 

• Aqueous phase: Present  

Speciation is mainly controlled by the HSO H SOaq aq aq4 4
2

( ) ( ) ( )
− + −← →⎯ +  equilibrium. 

SUBROUTINE CALCS1 

This subroutine solves the reverse problem of a sulfate poor, ammonium-sulfate aerosol system, 

when the relative humidity is below the DRH of (NH4)2SO4. The following species are possible: 

• Solids: (NH4)2SO4 

• Aqueous phase: Not present 

Solid (NH4)2SO4 is calculated from the amount of sulfates available. Gas phase ammonia in this 

case is undefined (it is a free parameter). 

SUBROUTINE CALCS2 

This subroutine solves the reverse problem of a sulfate poor, ammonium-sulfate aerosol system, 

when the relative humidity is above the DRH of (NH4)2SO4. The following species are possible: 
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• Solids: None 

• Aqueous phase: Present 

The concentrations in this case are mainly determined by the equilibria: )(3)(3
21

aq
K

g NHNH ⎯⎯→←  

and −+ +⎯⎯→←+ )()(4)(2)(3
22

aqaq
K

aqaq OHNHOHNH . 

SUBROUTINE CALCN1 

This subroutine solves the reverse problem of a sulfate poor, ammonium-nitrate-sulfate aerosol 

system, when the relative humidity is below the DRH of NH4NO3. The following species are 

possible: 

• Solids: (NH4)2SO4, NH4NO3 

• Aqueous phase: Present when RH ≥ MDRH, not present when RH < MDRH 

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCN1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRP.  

SUBROUTINE CALCN1A 

This subroutine solves the forward problem of a sulfate poor, ammonium-nitrate-sulfate aerosol 

system, when the relative humidity is below the DRH of NH4NO3. The following species are 

possible: 

• Solids: (NH4)2SO4, NH4NO3 

• Aqueous phase: None 

(NH4)2SO4 is calculated from the sulfates, while NH4NO3 is calculated from the nitrates. Species 

in the gas phase are determined from the NH NO NH HNOs g g4 3 3 3( ) ( ) ( )← →⎯ +  equilibrium. 
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SUBROUTINE CALCN2 

This subroutine solves the reverse problem of a sulfate poor, ammonium-nitrate-sulfate aerosol 

system, when the relative humidity is between the DRH of NH4NO3 and (NH4)2SO4. The 

following species are possible: 

• Solids: (NH4)2SO4 

• Aqueous phase: Present 

The system is solved iteratively, using the amount of dissolved (NH4)2SO4 as the estimation 

variable. For each estimation, FUNCTION FUNCN2 calculates the gas phase and ionic species. 

The solubility product of (NH4)2SO4 is used as the objective function. 

SUBROUTINE CALCN3 

This subroutine solves the reverse problem of a sulfate poor, ammonium-nitrate-sulfate aerosol 

system, when the relative humidity is above the DRH of (NH4)2SO4. The following species are 

possible: 

• Solids: None 

• Aqueous phase: Present 

The concentrations in this case are determined from the equilibria: NH NHg aq3 3( ) ( )← →⎯  

NH H O NH OHaq aq aq aq3 2 4( ) ( ) ( ) ( )+ ← →⎯ ++ − . 

SUBROUTINE CALCQ1 
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This subroutine solves the reverse problem of a sulfate poor, sodium poor, sodium-ammonium-

nitrate-sulfate-chloride aerosol system, when the relative humidity is below the DRH of NH4NO3. 

The following species are possible: 

• Solids: (NH4)2SO4, NH4NO3, NH4Cl, Na2SO4 

• Aqueous phase: Present when RH ≥ MDRH, not present when RH < MDRH 

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCQ1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRP. 

SUBROUTINE CALCQ1A 

This subroutine solves the reverse problem of a sulfate poor, sodium poor, sodium-ammonium-

nitrate-sulfate-chloride aerosol system, when the relative humidity is below the MDRH region of 

SUBROUTINE CALCQ1. The following species are possible: 

• Solids: (NH4)2SO4, NH4NO3, NH4Cl, Na2SO4 

• Aqueous phase: Not present 

All of the sodium reacts with sulfates to form Na2SO4. Ammonia the reacts with the remaining 

sulfate, forming (NH4)2SO4. The excess NH3 then reacts with HNO3 and HCl to form NH4NO3, 

NH4Cl, until equilibrium is achieved. 

SUBROUTINE CALCQ2 

This subroutine solves the reverse problem of a sulfate poor, sodium poor, sodium-ammonium-

nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of 

NH4NO3 and NH4Cl. The following species are possible: 
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• Solids: (NH4)2SO4, NH4Cl, Na2SO4 

• Aqueous phase: Present when there is NH4NO3 (that deliquesces), or when in a MDRH. 

If an aqueous phase is present, SUBROUTINE CALCQ2A is called. When in a MDRH, 

SUBROUTINE CALCMDRP is called. Otherwise, the aerosol is dry, and SUBROUTINE 

CALCQ1A is used to calculate the composition. 

SUBROUTINE CALCQ2A 

This subroutine solves the reverse problem of a sulfate poor, sodium poor, sodium-ammonium-

nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of 

NH4NO3 and NH4Cl. An aqueous phase is presumed to exist. The following species are possible: 

• Solids: (NH4)2SO4, NH4Cl, Na2SO4 

• Aqueous phase: Present. 

The system is solved iteratively, using gas phase HCl as the estimation variable. For each 

estimation, FUNCTION FUNCQ2A calculates the ionic equilibria in the aqueous phase, together 

with the amount of precipitated salts and gas phase NH3, HNO3. The objective function used is 

the departure of Cl-
(aq), NH4

-
(aq) , HCl(g) and NH3(g) from equilibrium, according to the reaction 

NH HCl NH Clg g aq aq3 4( ) ( ) ( ) ( )+ ← →⎯ ++ − . 

SUBROUTINE CALCQ3 

This subroutine solves the forward problem of a sulfate poor, sodium poor, sodium-ammonium-

nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of NH4Cl 

and (NH4)2SO4. The following species are possible: 
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• Solids: (NH4)2SO4, Na2SO4 

• Aqueous phase: Present when there is some NH4NO3 or NH4Cl (which deliquesces), or when 

in a MDRH. 

If an aqueous phase exists, the problem is solved by SUBROUTINE CALCQ3A. When in a 

MDRH, SUBROUTINE CALCMDRP is called. Otherwise, the aerosol is dry, and SUBROUTINE 

CALCQ1A is used to calculate the composition.  

SUBROUTINE CALCQ3A 

This subroutine solves the reverse problem of a sulfate poor, sodium poor, sodium-ammonium-

nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of NH4Cl 

and (NH4)2SO4. An aqueous phase is presumed to exist. The following species are possible: 

• Solids: (NH4)2SO4, Na2SO4 

• Aqueous phase: Present. 

The system is solved iteratively, using the amount of gas phase HCl as the estimation variable. 

For each estimation, FUNCTION FUNCQ3A calculates the ionic equilibria in the aqueous phase, 

together with the amount of precipitated salts and gas phase NH3, HNO3. The objective function 

used is the departure of Cl-
(aq), NH4

-
(aq) , HCl(g) and NH3(g) from equilibrium, according to the 

reaction NH HCl NH Clg g aq aq3 4( ) ( ) ( ) ( )+ ← →⎯ ++ − . 

SUBROUTINE CALCQ4 

This subroutine solves the reverse problem of a sulfate poor, sodium poor, sodium-ammonium-

nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of 

(NH4)2SO4 and Na2SO4. The following species are possible: 
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• Solids: Na2SO4 

• Aqueous phase: Present 

The system is solved iteratively, using the amount of gas phase HCl as the estimation variable. 

For each estimation, FUNCTION FUNCQ4 calculates the ionic equilibria in the aqueous phase, 

together with the amount of precipitated Na2SO4 and gas phase NH3, HNO3. The objective 

function used is the departure of Cl-
(aq), NH4

-
(aq) , HCl(g) and NH3(g) from equilibrium, according to 

the reaction NH HCl NH Clg g aq aq3 4( ) ( ) ( ) ( )+ ← →⎯ ++ − . 
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SUBROUTINE CALCQ5 

This subroutine solves the reverse problem of a sulfate poor, sodium poor, sodium-ammonium-

nitrate-sulfate-chloride aerosol system, when the relative humidity is above the DRH of Na2SO4. 

The following species are possible: 

• Solids: None 

• Aqueous phase: Present 

The solution algorithm of SUBROUTINE CALCQ4 is used, with the difference that Na2SO4 does 

not precipitate. 

SUBROUTINE CALCR1 

This subroutine solves the reverse problem of a sulfate poor, sodium rich, sodium-ammonium-

nitrate-sulfate-chloride aerosol system, when the relative humidity is below the DRH of NH4NO3. 

The following species are possible: 

• Solids: Na2SO4, NaNO3, NaCl, NH4NO3, NH4Cl 

• Aqueous phase: Present when RH ≥ MDRH, not present when RH < MDRH 

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCR1A. The 

composition in the mutual deliquescence region is calculated by SUBROUTINE CALCMDRP. 

SUBROUTINE CALCR1A 

This subroutine solves the reverse problem of a sulfate rich, sodium poor, sodium-ammonium-

nitrate-sulfate-chloride aerosol system, when the relative humidity is below the MDRH region of 

SUBROUTINE CALCR1. The following species are possible: 
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• Solids: Na2SO4, NaNO3, NaCl, NH4NO3, NH4Cl 

• Aqueous phase: Not present 

All of the sodium reacts with the sulfates to produce Na2SO4. The excess sodium reacts to form 

first NaNO3, then NaCl. The remaining HCl and HNO3 then react with NH3 to form NH4NO3 and 

NH4Cl respectively. 

SUBROUTINE CALCR2 

This subroutine solves the reverse problem of a sulfate poor, sodium rich, sodium-ammonium-

nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of 

NH4NO3 and NaNO3. The following species are possible: 

• Solids: Na2SO4, NaNO3, NaCl, NH4Cl 

• Aqueous phase: Present when NH4NO3 exists or when RH ≥ MDRH, not present when RH < 

MDRH 

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCR1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRP. 

SUBROUTINE CALCR2A 

This subroutine solves the reverse problem of a sulfate poor, sodium rich, sodium-ammonium-

nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of 

NH4NO3 and NaNO3. An aqueous phase is presumed to exist. The following species are possible: 

• Solids: Na2SO4, NaNO3, NaCl, NH4Cl 

• Aqueous phase: Present. 
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The system is solved iteratively, using the amount of gas phase HCl as the estimation variable. 

For each estimation, FUNCTION FUNCR2A calculates the ionic equilibria in the aqueous phase, 

together with the amount of precipitated salts and gas phase NH3, HNO3. The objective function 

used is the departure of Cl-
(aq), NH4

-
(aq) , HCl(g) and NH3(g) from equilibrium, according to the 

reaction NH HCl NH Clg g aq aq3 4( ) ( ) ( ) ( )+ ← →⎯ ++ − . 

SUBROUTINE CALCR3 

This subroutine solves the reverse problem of a sulfate poor, sodium rich, sodium-ammonium-

nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of NaNO3 

and NaCl. An aqueous phase is presumed to exist. The following species are possible: 

• Solids: Na2SO4, NaCl, NH4Cl 

• Aqueous phase: Present. 

The solution algorithm of SUBROUTINE CALCR2 is used, with the difference that NaNO3 does 

not precipitate. 

SUBROUTINE CALCR4 

This subroutine solves the reverse problem of a sulfate poor, sodium rich, sodium-ammonium-

nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of NaCl 

and NH4Cl. An aqueous phase is presumed to exist. The following species are possible: 

• Solids: Na2SO4, NH4Cl 

• Aqueous phase: Present. 
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The solution algorithm of SUBROUTINE CALCR2 is used, with the difference that NaNO3 and 

NaCl do not precipitate. 

SUBROUTINE CALCR5 

This subroutine solves the forward problem of a sulfate poor, sodium rich, sodium-ammonium-

nitrate-sulfate-chloride aerosol system, when the relative humidity is between the DRH of NH4Cl 

and Na2SO4. The following species are possible: 

• Solids: Na2SO4 

• Aqueous phase: Present. 

The solution algorithm of SUBROUTINE CALCR2 is used, with the difference that NaNO3, 

NaCl and NH4Cl do not precipitate. 

SUBROUTINE CALR6 

This subroutine solves the forward problem of a sulfate poor, sodium rich, sodium-ammonium-

nitrate-sulfate-chloride aerosol system, when the relative humidity is above the DRH of Na2SO4. 

The following species are possible: 

• Solids: None 

• Aqueous phase: Present. 

The solution algorithm of SUBROUTINE CALCR2 is used, with the difference that salts do not 

precipitate. 
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SUBROUTINE CALCV1 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcim-

potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the 

relative humidity is below the DRH of NH4NO3. The following species are possible: 

• Solids: CaSO4, NH4NO3, NH4Cl, (NH4)2SO4, MgSO4, Na2SO4, K2SO4 

• Aqueous phase: Present when RH ≥ MDRH, not present when RH < MDRH 

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCV1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRPII. 

SUBROUTINE CALCV1A 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcium-

potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the 

relative humidity is below the MDRH region of SUBROUTINE CALCV1. The following species 

are possible: 

• Solids: CaSO4, NH4NO3, NH4Cl, (NH4)2SO4, MgSO4, Na2SO4, K2SO4 

• Aqueous phase: Not present 

All of the calcium, potassium, magnesium and sodium reacts with the sulfates to form CaSO4, 

MgSO4, Na2SO4, K2SO4. The remaining sulfates react with ammonia to form (NH4)2SO4. The 

excess NH3 then reacts with HNO3 and HCl to form NH4NO3, NH4Cl. 
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SUBROUTINE CALCV2 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcium-

potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the 

relative humidity is between the DRH of NH4NO3 and NH4Cl. The following species are 

possible: 

• Solids: CaSO4, NH4Cl, (NH4)2SO4, MgSO4, Na2SO4, K2SO4 

• Aqueous phase: Present when there is NH4NO3 (that deliquesces) or when in a MDRH. 

In the presence of NH4NO3, the problem is solved by SUBROUTINE CALCV2A. When in a 

MDRH, SUBROUTINE CALCMDRPII is called. Otherwise, the aerosol is dry, and 

SUBROUTINE CALCV1A is used to calculate the composition. 

SUBROUTINE CALCV2A 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcium-

potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the 

relative humidity is between the DRH of NH4NO3 and NH4Cl. An aqueous phase is also 

presumed to exist. The following species are possible: 

• Solids: CaSO4, NH4Cl, (NH4)2SO4, MgSO4, Na2SO4, K2SO4 

• Aqueous phase: Present. 

The system is solved iteratively, with respect to the amount of gas phase HCl. For each 

estimation, FUNCTION FUNCV2A calculates the ionic equilibria in the aqueous phase, together 

with the amount of precipitated salts and gas phase NH3, HNO3. The objective function used is 
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the departure of Cl-
(aq), NH4

-
(aq) , HCl(g) and NH3(g) from the equilibrium state, according to the 

reaction NH HCl NH Clg g aq aq3 4( ) ( ) ( ) ( )+ ← →⎯ ++ − . 

SUBROUTINE CALCV3 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcium-

potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the 

relative humidity is between the DRH of NH4Cl and (NH4)2SO4. The following species are 

possible: 

• Solids: CaSO4, (NH4)2SO4, MgSO4, Na2SO4, K2SO4 

• Aqueous phase: Present when there is some NH4NO3 or NH4Cl (which deliquesces), or when 

in a MDRH. 

In the presence of NH4NO3 or NH4Cl, the problem is solved by SUBROUTINE CALCV3A. When 

in a MDRH, SUBROUTINE CALCMDRPII is called. Otherwise, the aerosol is dry, and 

SUBROUTINE CALCV1A is used to calculate the composition.  

SUBROUTINE CALCV3A 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcium-

potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the 

relative humidity is between the DRH of NH4Cl and (NH4)2SO4. An additional presumption made 

is that nitrate and/or chloride exists in the aerosol phase. The following species are possible: 

• Solids: CaSO4, (NH4)2SO4, MgSO4, Na2SO4, K2SO4 

• Aqueous phase: Present. 
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The system is solved iteratively, with respect to the amount of gas phase HCl. For each 

estimation, FUNCTION FUNCV3A calculates the ionic equilibria in the aqueous phase, together 

with the amount of precipitated salts and gas phase NH3, HNO3. The objective function used is 

the departure of Cl-
(aq), NH4

-
(aq) , HCl(g) and NH3(g) from the equilibrium state, according to the 

reaction NH HCl NH Clg g aq aq3 4( ) ( ) ( ) ( )+ ← →⎯ ++ − . 

SUBROUTINE CALCV4 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcium-

potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the 

relative humidity is between the DRH of (NH4)2SO4 and MgSO4. The following species are 

possible: 

• Solids: CaSO4, MgSO4, Na2SO4, K2SO4 

• Aqueous phase: Present 

The system is solved iteratively, with respect to the amount of gas phase HCl. For each 

estimation, FUNCTION FUNCV4 calculates the ionic equilibria in the aqueous phase, together 

with the amount of precipitated MgSO4, Na2SO4, K2SO4 and gas phase NH3, HNO3. The 

objective function used is the departure of Cl-
(aq), HCl(g) from equilibrium, according to the 

reaction ++ +⎯→← )()( aqaq ClHHClg . 
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SUBROUTINE CALCV5 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcium-

potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the 

relative humidity is between the DRH of MgSO4 and Na2SO4. The following species are possible: 

• Solids: CaSO4, Na2SO4, K2SO4 

• Aqueous phase: Present 

The iterative solution algorithm of SUBROUTINE CALCV4 is used, with the difference that 

MgSO4 does not precipitate. 

SUBROUTINE CALCV6 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium poor, calcium-

potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the 

relative humidity is between the DRH of Na2SO4 and K2SO4. The following species are possible: 

• Solids: CaSO4, K2SO4 

• Aqueous phase: Present 

The iterative solution algorithm of SUBROUTINE CALCV5 is used, with the difference that 

Na2SO4 does not precipitate. 
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SUBROUTINE CALCV7 

This subroutine solves the forward problem of a sulfate poor, crustals&sodium poor, calcium-

potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when the 

relative humidity is above the DRH of K2SO4. The following species are possible: 

• Solids: CaSO4 

• Aqueous phase: Present 

The iterative solution algorithm of SUBROUTINE CALCV6 is used, with the difference that 

K2SO4 does not precipitate. 

SUBROUTINE CALCU1 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is below the DRH of NH4NO3. The following species are possible: 

• Solids: CaSO4, NH4NO3, NH4Cl, MgSO4, Na2SO4, K2SO4, NACl, NaNO3 

• Aqueous phase: Present when RH ≥ MDRH, not present when RH < MDRH 

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCU1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRPII. 

SUBROUTINE CALCU1A 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 
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the relative humidity is below the MDRH regions of SUBROUTINE CALCU1. The following 

species are possible: 

• Solids: CaSO4, NH4NO3, NH4Cl, MgSO4, Na2SO4, K2SO4, NACl, NaNO3 

• Aqueous phase: Not present 

All of the calcium, potassium and magnesium reacts with the sulfates to form CaSO4, MgSO4, 

K2SO4. The remaining sulfates react with sodium to form Na2SO4. The remaining sodium first 

reacts to form NaNO3, then if possible, NaCl. HCl and HNO3 then react with NH3 to form 

NH4NO3 and NH4Cl. 

SUBROUTINE CALCU2 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of NH4NO3 and NaNO3. The following species are 

possible: 

• Solids: CaSO4, NH4Cl, MgSO4, Na2SO4, K2SO4, NACl, NaNO3 

• Aqueous phase: Present when NH4NO3 exists or when RH ≥ MDRH, not present when RH < 

MDRH 

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCU1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRPII. 
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SUBROUTINE CALCU2A 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of NH4NO3 and NaNO3. An aqueous phase is also 

presumed to exist. The following species are possible: 

• Solids: CaSO4, NH4Cl, MgSO4, Na2SO4, K2SO4, NACl, NaNO3 

• Aqueous phase: Present. 

The system is solved iteratively, with respect to the amount of gas phase HCl. For each 

estimation, FUNCTION FUNCU2A calculates the ionic equilibria in the aqueous phase, together 

with the amount of precipitated salts and gas phase NH3, HNO3. The objective function used is 

the departure of Cl-
(aq), HCl(g) from equilibrium, according to the reaction ++ +⎯→← )()( aqaq ClHHClg . 

SUBROUTINE CALCU3 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of NaNO3 and NaCl. An aqueous phase is presumed to 

exist. The following species are possible: 

• Solids: CaSO4, NH4Cl, MgSO4, Na2SO4, K2SO4, NACl 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCU2 is used, with the difference that 

NaNO3 does not precipitate. 
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SUBROUTINE CALCU4 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of NaCl and NH4Cl. The following species are 

possible: 

• Solids: CaSO4, NH4Cl, MgSO4, Na2SO4, K2SO4 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCU3 is used, with the difference that 

NaCl does not precipitate. 

SUBROUTINE CALCU5 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of NH4Cl and MgSO4. The following species are 

possible: 

• Solids: CaSO4, MgSO4, Na2SO4, K2SO4 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCU4 is used, with the difference that 

NH4Cl does not precipitate. 
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SUBROUTINE CALCU6 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of MgSO4 and Na2SO4. The following species are 

possible: 

• Solids: CaSO4, Na2SO4, K2SO4 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCU5 is used, with the difference that 

MgSO4 does not precipitate. 

SUBROUTINE CALCU7 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of Na2SO4 and K2SO4. The following species are 

possible: 

• Solids: CaSO4, K2SO4 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCU6 is used, with the difference that 

Na2SO4 does not precipitate. 
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SUBROUTINE CALCU8 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is above the DRH of K2SO4. The following species are possible: 

• Solids: CaSO4 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCU7 is used, with the difference that 

K2SO4 does not precipitate. 

SUBROUTINE CALCW1 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is below the DRH of CaCl2. The following species are possible: 

• Solids: CaSO4, Ca(NO3)2, CaCl2, K2SO4, KNO3, KCl, MgSO4, Mg(NO3)2, MgCl2, NaNO3, 

NaCl, NH4NO3, NH4Cl 

• Aqueous phase: Present when RH ≥ MDRH, not present when RH < MDRH 

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCW1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRPII. 

SUBROUTINE CALCW1A 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 
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the relative humidity is below the MDRH regions of SUBROUTINE CALCP1. The following 

species are possible: 

• Solids: CaSO4, Ca(NO3)2, CaCl2, K2SO4, KNO3, KCl, MgSO4, Mg(NO3)2, MgCl2, NaNO3, 

NaCl, NH4NO3, NH4Cl 

• Aqueous phase: Not present 

Calcium, potassium and magnesium react with the sulfates to form CaSO4, MgSO4, K2SO4. The 

remaining calcium, potassium and magnesium first reacts to form Ca(NO3)2, Mg(NO3)2, KNO3 

then if possible, CaCl2, MgCl2, KCl. Na and NH3 then reacts to form NaNO3, NaCl, and NH4NO3 

and NH4Cl. 

SUBROUTINE CALCW2 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of CaCl2 and MgCl2. The following species are 

possible: 

• Solids: CaSO4, Ca(NO3)2, K2SO4, KNO3, KCl, MgSO4, Mg(NO3)2, MgCl2, NaNO3, NaCl, 

NH4NO3, NH4Cl 

• Aqueous phase: Present when CaCl2 exists or when RH ≥ MDRH, not present when RH < 

MDRH 

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCW1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRPII. 

SUBROUTINE CALCW2A 
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This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of CaCl2 and MgCl2. An aqueous phase is also 

presumed to exist. The following species are possible: 

• Solids: CaSO4, Ca(NO3)2, K2SO4, KNO3, KCl, MgSO4, Mg(NO3)2, MgCl2, NaNO3, NaCl, 

NH4NO3, NH4Cl 

• Aqueous phase: Present. 

The system is solved iteratively, with respect to the amount of gas phase HCl. For each 

estimation, FUNCTION FUNCW2A calculates the ionic equilibria in the aqueous phase, together 

with the amount of precipitated salts and gas phase NH3, HNO3. The objective function used is 

the departure of Cl-
(aq), HCl(g) from equilibrium, according to the reaction ++ +⎯→← )()( aqaq ClHHClg . 

SUBROUTINE CALCW3 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of MgCl2 and Ca(NO3)2. The following species are 

possible: 

• Solids: CaSO4, Ca(NO3)2, K2SO4, KNO3, KCl, MgSO4, Mg(NO3)2, NaNO3, NaCl, NH4NO3, 

NH4Cl 

• Aqueous phase: Present when nitrates or chlorides exist or when RH ≥ MDRH, not present 

when RH < MDRH. 



CHAPTER 5: SUBROUTINE REFERENCE 

ISORROPIA v2.1 REFERENCE MANUAL 107 

The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCW1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRPII. 

SUBROUTINE CALCW3A 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of MgCl2 and Ca(NO3)2. An aqueous phase is 

presumed to exist. The following species are possible: 

• Solids: CaSO4, Ca(NO3)2, K2SO4, KNO3, KCl, MgSO4, Mg(NO3)2, NaNO3, NaCl, NH4NO3, 

NH4Cl 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCW2A is used, with the difference that 

MgCl2 does not precipitate. 

SUBROUTINE CALCW4 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of Ca(NO3)2 and Mg(NO3)2. The following species are 

possible: 

• Solids: CaSO4, K2SO4, KNO3, KCl, MgSO4, Mg(NO3)2, NaNO3, NaCl, NH4NO3, NH4Cl 

• Aqueous phase: Present when nitrates exist or when RH ≥ MDRH, not present when RH < 

MDRH. 
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The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCW1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRPII. 

SUBROUTINE CALCW4A 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals poor, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of Ca(NO3)2 and Mg(NO3)2. An aqueous phase is 

presumed to exist. The following species are possible: 

• Solids: CaSO4, K2SO4, KNO3, KCl, MgSO4, Mg(NO3)2, NaNO3, NaCl, NH4NO3, NH4Cl 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCW3A is used, with the difference that 

Ca(NO3)2  does not precipitate. 

SUBROUTINE CALCW5 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of Mg(NO3)2 and NH4NO3. The following species are 

possible: 

• Solids: CaSO4, K2SO4, KNO3, KCl, MgSO4, NaNO3, NaCl, NH4NO3, NH4Cl 

• Aqueous phase: Present when nitrates exist or when RH ≥ MDRH, not present when RH < 

MDRH. 
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The case of a dry aerosol (RH < MDRH) is solved by SUBROUTINE CALCW1A. The 

composition in the mutual deliquescence region is solved by SUBROUTINE CALCMDRPII. 

SUBROUTINE CALCW5A 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of Mg(NO3)2 and NH4NO3. An aqueous phase is 

presumed to exist. The following species are possible: 

• Solids: CaSO4, K2SO4, KNO3, KCl, MgSO4, NaNO3, NaCl, NH4NO3, NH4Cl 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCW4A is used, with the difference that 

Mg(NO3)2  does not precipitate. 

SUBROUTINE CALCW6 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of NH4NO3 and NaNO3. An aqueous phase is presumed 

to exist. The following species are possible: 

• Solids: CaSO4, K2SO4, KNO3, KCl, MgSO4, NaNO3, NaCl, NH4Cl 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCW5A is used, with the difference that 

NH4NO3 does not precipitate. 
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SUBROUTINE CALCW7 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of NaNO3 and NaCl. The following species are 

possible: 

• Solids: CaSO4, K2SO4, KNO3, KCl, MgSO4, NaCl, NH4Cl 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCW6 is used, with the difference that 

NaNO3  does not precipitate. 

SUBROUTINE CALCW8 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of NaCl and NH4Cl. The following species are possible: 

• Solids: CaSO4, K2SO4, KNO3, KCl, MgSO4, NH4Cl 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCW7 is used, with the difference that 

NaCl  does not precipitate. 

SUBROUTINE CALCW9 
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This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of NH4Cl and KCl. The following species are possible: 

• Solids: CaSO4, K2SO4, KNO3, KCl, MgSO4 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCW8 is used, with the difference that 

NH4Cl  does not precipitate. 

SUBROUTINE CALCW10 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of KCl and MgSO4. The following species are possible: 

• Solids: CaSO4, K2SO4, KNO3, MgSO4 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCW9 is used, with the difference that 

KCl  does not precipitate. 
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SUBROUTINE CALCW11 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of MgSO4 and KNO3. The following species are 

possible: 

• Solids: CaSO4, K2SO4, KNO3 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCW10 is used, with the difference that 

MgSO4  does not precipitate. 

SUBROUTINE CALCW12 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is between the DRH of KNO3 and K2SO4. The following species are 

possible: 

• Solids: CaSO4, K2SO4 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCW11 is used, with the difference that 

KNO3  does not precipitate. 
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SUBROUTINE CALCW13 

This subroutine solves the reverse problem of a sulfate poor, crustals&sodium rich, crustals rich, 

calcium-potassium-magnesium-sodium-ammonium-nitrate-sulfate-chloride aerosol system, when 

the relative humidity is above the DRH of K2SO4. The following species are possible: 

• Solids: CaSO4 

• Aqueous phase: Present. 

The iterative solution algorithm of SUBROUTINE CALCW12 is used, with the difference that 

K2SO4  does not precipitate. 

SUBROUTINE CALCMDRH, CALCMDRP 

These subroutines are called when the solution is in a mutual deliquescence relative humidity 

region. The solution is assumed to be the weighted mean of two states; the “dry” solution 

(SUBROUTINE DRYCASE) and the “saturated liquid” solution (SUBROUTINE LIQCASE). 

SUBROUTINE CALCMDRH is used for forward, and CALCMDRP for reverse problems. 

SUBROUTINE CALCMR 

This subroutine calculates the aerosol water content from the ZSR correlation. 

SUBROUTINE PUSHERR 

This subroutine saves an error message in the error stack. 

SUBROUTINE ERRSTAT 

This subroutine reports error messages to unit “IO”. 
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SUBROUTINE KMFUL 

Calculates binary activity coefficients by Kusik-Meissner method. Performs real-time 

calculations. 

SUBROUTINE KMTAB 

Obtains Kusik-Meissner binary activity coefficients from precalculated tables. The computations 

have been performed for a wide range of ionic activities and temperatures. SUBROUTINE 

KMTAB does not access the activity coefficient tables itself but rather calls the appropriate 

SUBROUTINE KMXXX (XXX being a temperature) to obtain the data. 

SUBROUTINE KM198, KM223, KM248, KM273, KM298, KM323 

Obtains Kusik-Meissner binary activity coefficients from precalculated tables, for a given 

temperature (e.g., KM198 is for 198K and KM223 is for 223K). The computations have been 

performed for a wide range of ionic activities, and the results are stored in lookup tables. These 

tables are initialized by BLOCK DATA KMCF198, KMCF223, KMCF248, KMCF273, 

KMCF298, KMCF323. 


