TABLE OF CONTENTS

List of Figur es..........................................................................................................................xiii Preface ........................................................................................................................................xv Acknowledgements ...............................................................................................................xvii

Section 1: INTRODUCTION 1.1 General Description of the Model .........................................................................1.1 1.2 Source-Code Str uctur e............................................................................................1.2 1.3 Options .....................................................................................................................1.2 1.4 Style Convention .....................................................................................................1.3

Section 2: MEMOR Y ORGANIZA TION AND CODE STRUCTURE 2.1 Pointers .....................................................................................................................2.1 2.2 Multi-Tasking ...........................................................................................................2.5

Section 3: PARAMETERS 3.1 Major PARAMETERS .............................................................................................3.1 3.2 Minor P ARAMETERS ............................................................................................3.4

Section 4: COMMON BLOCKS 4.1 Common Blocks W ithout Pointers ............................................................4.1 4.1.1 ADDR0 .....................................................................................................................4.1 4.1.2 ARASCH1 ................................................................................................................4.1 4.1.3 ASSEL .......................................................................................................................4.2 4.1.4 BLANK .....................................................................................................................4.2 4.1.5 CFD ...........................................................................................................................4.4 4.1.6 CFDDAGD ..............................................................................................................4.4 4.1.7 DEPAR2 ...................................................................................................................4.5 4.1.8 HEADER ..................................................................................................................4.5 4.1.9 HEADERC ...............................................................................................................4.5 4.1.10 HUGE .......................................................................................................................4.6 4.1.11 JRG.............................................................................................................................4.6 4.1.12 LANDUSE ...............................................................................................................4.7 4.1.13 MIC ...........................................................................................................................4.8 4.1.14 NESLEV ...................................................................................................................4.9 4.1.15 NHCNST .................................................................................................................4.9 4.1.16 NHTENS ................................................................................................................4.10 4.1.17 PARAM2 ................................................................................................................4.10 4.1.18 PARAM3 ................................................................................................................4.14 4.1.19 PARFDDA .............................................................................................................4.16 4.1.20 PBLDIM .................................................................................................................4.19 4.1.21 PMOIST ..................................................................................................................4.20 4.1.22 PSANET .................................................................................................................4.22 4.1.23 SIZE .........................................................................................................................4.22 4.1.24 SOUNDL .................................................................................................................4.23 4.1.25 WORKSP ................................................................................................................4.23

4.2 Common Blocks W ith Pointers ................................................................4.24 4.2.1 ADDR1 ...................................................................................................................4.24 4.2.2 ADDRN1 ...............................................................................................................4.25 4.2.3 ADDR2 ...................................................................................................................4.25 4.2.4 ADDRN2 ...............................................................................................................4.27 4.2.5 ADDR3 ...................................................................................................................4.27 4.2.6 ADDRN3 ...............................................................................................................4.32 4.2.7 ADDR4 ...................................................................................................................4.32 4.2.8 ADDRN4 ...............................................................................................................4.34 4.2.9 ADDR5 ...................................................................................................................4.34 4.2.10 ADDRN5 ...............................................................................................................4.35 4.2.11 ADDR6 ...................................................................................................................4.35 4.2.12 ADDRN6 ...............................................................................................................4.36 4.2.13 ADDR7 ...................................................................................................................4.36 4.2.14 ADDRN7 ...............................................................................................................4.37 4.2.15 ADDR8 ...................................................................................................................4.37 4.2.16 ADDRN8 ...............................................................................................................4.38 4.2.17 ADDRNC ...............................................................................................................4.38 4.2.18 ADDRNN ..............................................................................................................4.38 4.2.19 ADDRSP ................................................................................................................4.40 4.2.20 ADDNSP ................................................................................................................4.41 4.2.21 ADDRV ..................................................................................................................4.41 4.2.22 ADDRVN ...............................................................................................................4.41 4.2.23 NHCNS ..................................................................................................................4.41 4.2.24 NNCNS ...................................................................................................................4.41 4.2.25 NONHYD ..............................................................................................................4.42

4.2.26 NNNHYD ..............................................................................................................4.42 4.2.27 NONHYDB ...........................................................................................................4.42 4.2.28 NNNHYDB ...........................................................................................................4.43 4.2.29 RADIAT .................................................................................................................4.43 4.2.30 RADIATN ..............................................................................................................4.44 4.2.31 UPRAD ..................................................................................................................4.44 4.2.32 UPRADN ...............................................................................................................4.44

Section 5: SUBROUTINES 5.1 ADDALL .....................................................................................................................5.1 5.2 ADDRX1C ..................................................................................................................5.1 5.3 ADDRX1N ..................................................................................................................5.2 5.4 ARAMB .......................................................................................................................5.2 5.5 ARAOUT ....................................................................................................................5.2 5.6 ARAOUTS ..................................................................................................................5.3 5.7 ARASCH .....................................................................................................................5.3 5.8 BDYIN .........................................................................................................................5.4 5.9 BDYOVL1 [multi-tasked] .........................................................................................5.4 5.10 BDYUV [multi-tasked] .............................................................................................5.5 5.11 BDYVAL [multi-tasked] ...........................................................................................5.5 5.12 BLBRGD ......................................................................................................................5.5 5.13 BLKPBL .......................................................................................................................5.6 5.14 BLNUDGD .................................................................................................................5.7 5.15 BLW .............................................................................................................................5.7 5.16 BUFSLGD ...................................................................................................................5.8 5.17 BUFVDGD ..................................................................................................................5.8

5.18 CADJMX .....................................................................................................................5.8 5.19 CHKNST .....................................................................................................................5.9 5.20 CLODWD ...................................................................................................................5.9 5.21 CLOUDW ...................................................................................................................5.9 5.22 CLOUDWS ...............................................................................................................5.10 5.23 CONADV .................................................................................................................5.10 5.24 CONMAS .................................................................................................................5.10 5.25 CONV3 ......................................................................................................................5.10 5.26 CONVAD ..................................................................................................................5.11 5.27 CUP ...........................................................................................................................5.11 5.28 CUPARA1 .................................................................................................................5.12 5.29 CUPARA2 .................................................................................................................5.13 5.30 CUPARA3 .................................................................................................................5.13 5.31 DECPU ......................................................................................................................5.13 5.32 DIFFU ........................................................................................................................5.14 5.33 DIFFUT .....................................................................................................................5.14 5.34 DIVG [multi-tasked] ...............................................................................................5.14 5.35 DOTS .........................................................................................................................5.14 5.36 ENTR .........................................................................................................................5.15 5.37 ENTRS .......................................................................................................................5.15 5.38 EQUATE ...................................................................................................................5.15 5.39 ERROB ......................................................................................................................5.16 5.40 EXAINT ....................................................................................................................5.16 5.41 EXCHANI .................................................................................................................5.16 5.42 EXCHANJ .................................................................................................................5.16 5.43 EXMOISR ..................................................................................................................5.17

5.44 EXMOISS ..................................................................................................................5.18 5.45 FDAOFF ....................................................................................................................5.18 5.46 FEEDBK [multi-tasked] ..........................................................................................5.19 5.47 FILL ...........................................................................................................................5.19 5.48 FILSLB .......................................................................................................................5.20 5.49 GAUSS ......................................................................................................................5.20 5.50 HADV .......................................................................................................................5.20 5.51 HEIPRE .....................................................................................................................5.20 5.52 HIRPBL .....................................................................................................................5.21 5.53 IN4DGD ....................................................................................................................5.22 5.54 IN4DOB ....................................................................................................................5.23 5.55 INIT ...........................................................................................................................5.24 5.56 INITNEST [multi-tasked] .......................................................................................5.25 5.57 INITSAV ....................................................................................................................5.26 5.58 INTPSGD ..................................................................................................................5.26 5.59 INVMTX ...................................................................................................................5.26 5.60 JULGMT ....................................................................................................................5.27 5.61 KERHEL ....................................................................................................................5.27 5.62 KERHELS .................................................................................................................5.27 5.63 LWRAD .....................................................................................................................5.28 5.64 MAPSMP ..................................................................................................................5.28 5.65 MAXIM .....................................................................................................................5.29 5.66 MAXIMI ....................................................................................................................5.29 5.67 MINIM ......................................................................................................................5.29 5.68 MINIMI .....................................................................................................................5.29 5.69 MM5 ..........................................................................................................................5.30

5.70 MOIENE ...................................................................................................................5.31 5.71 NOPRO .....................................................................................................................5.31 5.72 NSTLEV1 ..................................................................................................................5.31 5.73 NSTLEV2 ..................................................................................................................5.32 5.74 NSTLEV3 ..................................................................................................................5.32 5.75 NUDGD ....................................................................................................................5.33 5.76 NUDGE .....................................................................................................................5.33 5.77 NUDOB .....................................................................................................................5.34 5.78 OUTPRT ....................................................................................................................5.35 5.79 OUTPUT ...................................................................................................................5.36 5.80 OUTSAV ...................................................................................................................5.36 5.81 OUTTAP ...................................................................................................................5.36 5.82 OVLCHK ..................................................................................................................5.37 5.83 PARAM .....................................................................................................................5.37 5.84 PARAMR ..................................................................................................................5.39 5.85 PRECIP ......................................................................................................................5.39 5.86 PRINTSP ...................................................................................................................5.39 5.87 QSATGD ...................................................................................................................5.40 5.88 RDINIT ......................................................................................................................5.40 5.89 SAVREAD .................................................................................................................5.40 5.90 SEAPRS .....................................................................................................................5.40 5.91 SETFD .......................................................................................................................5.41 5.92 SETUPGD .................................................................................................................5.41 5.93 SFCRAD ....................................................................................................................5.42 5.94 SHALLCU ................................................................................................................5.43 5.95 SHALLOW ...............................................................................................................5.43

5.96 SHUTDO ...................................................................................................................5.44 5.97 SINT ...........................................................................................................................5.44 5.98 SINTX ........................................................................................................................5.45 5.99 SINTY ........................................................................................................................5.45 5.100 SLAB ..........................................................................................................................5.45 5.101 SMTHER ...................................................................................................................5.45 5.102 SOLAR1 ....................................................................................................................5.46 5.103 SOLVE1 [multi-tasked] ...........................................................................................5.46 5.104 SOLVE3 [multi-tasked] ...........................................................................................5.48 5.105 SOUND [multi-tasked] ...........................................................................................5.50 5.106 SOUNDD ..................................................................................................................5.51 5.107 SPCORT [multi-tasked] ..........................................................................................5.51 5.108 SPCORU [multi-tasked] .........................................................................................5.52 5.109 SPDIFF [multi-tasked] ............................................................................................5.52 5.110 SPDIVG [multi-tasked] ...........................................................................................5.52 5.111 SPGEOP [multi-tasked] ..........................................................................................5.52 5.112 SPGRAD [multi-tasked] .........................................................................................5.53 5.113 SPINIT .......................................................................................................................5.53 5.114 SPLITF [multi-tasked] .............................................................................................5.54 5.115 SPONGE ...................................................................................................................5.54 5.116 SPSTEP2 [multi-tasked] ..........................................................................................5.55 5.117 STOTNDI [multi-tasked] ........................................................................................5.55 5.118 STOTNDT [multi-tasked] .......................................................................................5.56 5.119 SUBCH ......................................................................................................................5.56 5.120 SWRAD .....................................................................................................................5.57 5.121 TMASS ......................................................................................................................5.57

5.122 TRANSM ..................................................................................................................5.58 5.123 UNITY .......................................................................................................................5.58 5.124 VADV ........................................................................................................................5.58 5.125 VCHEKE ...................................................................................................................5.58 5.126 VCHEKI ....................................................................................................................5.59 5.127 VCHEKT ...................................................................................................................5.59 5.128 VMODES ..................................................................................................................5.59 5.129 VMULTM ..................................................................................................................5.60 5.130 VNORML ..................................................................................................................5.61 5.131 VORDER ...................................................................................................................5.61 5.132 VPRNTM ..................................................................................................................5.61 5.133 VPRNTV ...................................................................................................................5.61 5.134 VTLAPS ....................................................................................................................5.62 5.135 VTRAN .....................................................................................................................5.62 5.136 XTDOT ......................................................................................................................5.62 5.137 ZUNC ........................................................................................................................5.62 5.138 ZX4LP ........................................................................................................................5.63

Section 6: SUBROUTINE ARGUMENTS ........................................................................................................................................... 6.1-6.23

Section 7: NAMELIST RECORDS 7.1 OPARAM ..................................................................................................................7.1 7.2 PPARAM ...................................................................................................................7.2 7.3 LPARAM...................................................................................................................7.2 7.4 FPARAM ...................................................................................................................7.5

APPENDICES Appendix A: MM5 Flow Charts Appendix B: MM5 UNICOS Script Appendix C: Unit Number Allocations

REFERENCES

List of Figures

List of Figures

Figur e 1. Schematic r epresentation of the vertical str uctur e of the model. The example is for 15 vertical layers. Dashed lines denote half- sigma levels, solid lines denote fullsigma levels.

Figur e 2. Schematic r epresentation showing the horizontal staggering of the dot ( ) and cross (x) grid points. The smaller inner box is a r epresentative mesh staggering for a 3:1 coarse-grid distance to fine-grid distance ratio.

Figur e A1. Flow chart of MM5. The expansions of the subr outines appended with an asterisk are shown in Figur e A2.

Figur e A2. Flow chart for major subr outines CHKNST and NSTLEV1. The expansions of the subr outines appended with an asterisk ar e shown in Figur e A1.

Figur e A3. Flow chart for major subr outine SOL VE3. The expansions of the subr outines appended with an asterisk ar e shown in Figur es A1 (for MAPSMP) and A2 (for IN4DGD). The r outine appended with a double asterisk calls two subr outines not shown (MAXIMI and MINIMI).

March 1994 MM5 Model Documentation xv

Preface

Preface

This technical note describes the Fortran code (version 1) of the PSU/NCAR mesoscale model ( MM5). It is intended to pr ovide a detailed documentation of the model code for users who want to understand the code in in gr eat detail or modify it. V ersion 1 is the first version of MM5 which succeeds a version 8 of MM4. Since the MM5 modeling system is a r esear ch tool under going constant impr ovement and modification at both NCAR and the Pennsylvania State University , newer versions of MM5 will continue to be developed. Users who want to know mor e about the overall MM5 modeling system should obtain a copy of A User’s Guide to the Penn State/ NCAR Mesoscale Modeling System, by D.O. Gill (1992).

March 1994 MM5 Model Documentation xvii

Acknowledgements

Acknowledgments

The critical r eview pr ovided by David Gill and Kevin Manning impr oved the presentation of this document. W e also thank Gary Bates and Ronald Errico for their valuable contributions, and ar e grateful to Mary Ann O’Meara and Debbie W itman for their editorial assistance.

Computing for this model development was undertaken on the Cray Y -MP at NCAR, supported by the NSF . The second author also wishes to acknowledge the Department of Ener gy for support thr ough grant DEA105-90 ERG1070.