Appendix A. The q1 file (case2: stratified atmosphere)

TALK=F;RUN( 1, 1);VDU=VGACURSR

 ** CASE2(stratified atmosphere)

    GROUP 1. Run title and other preliminaries

TEXT(CITY ROUGHNESS LAYER)

REAL(D0,H,DN,Z0,AKAP,CX,AM,COR,UG,WG,TI2,TI3,MT,AT,RH1)

REAL(CPA1,GAMT,ENL,PRNLTEM,GSIGMA,ERLLW,ESOLW,HOS,FI)

REAL(ALBW,ALBR,QRH,QURB,TH,ALBSSW,EB,RIO,ALBRLSW,TC,SCL)

REAL(CDAY,TIMLOC,CC,TSI,TCO,TCO1,EWV,NC)

INTEGER(I1,I2,I3,I4)

BOOLEAN(STABLE)

  porosity of roughness layer at ground surface - D0

  height of porosity layer - H

  dispersity of porosity layer - DN

  micro-roughness length - Z0

  von Karman's constant - AKAP

  drag coefficient - CX

  model obstacle (rectangle) side ratio - AM

  Coriolis parameter - COR

  x - projection of geostrophic wind - UG

  z - projection of geostrophic wind - WG

  initial cell of roughness layer - I1

  final cell of roughness layer - I2

  cell, where friction velocity is calculated - I3

  iteration number, starting with that the temperature distribution and mixing  length are recalculated - I4

  air density - RH1

  air heat capacity - CPA1

  lapse rate at the top of BLA (in entrainment zone) - GAMT

  air kinematic viscosity - ENL

  molecular Prandtl number - PRNLTEM

  Stefan-Boltzmann constant - GSIGMA

  emissivity of roughness elements surfaces - ERLLW

  infrared emissivity of the ground surface - ESOLW

  solar elevation angle - HOS

  albedo of walls - ALBW 

  albedo of roofs - ALBR

  albedo of porosity layer - ALBRLSW

  downwelling short wave (solar) radiation flux at the top of porosity layer - QRH

  downward long wave radiation flux at the top of porosity layer - RIO  

  temperature at the top of porosity layer - TH

  urban heat flux -QURB

  fraction (percentage) of the net radiation - EP 

  cloud-cover fraction - NC

  saturation temperature for water vapour - TC

  water vapour pressure –EWV
  latitude - FI

____________________________________________________________________ 

  - Frequently changed parameters: 

  - External parameters: 

UG=5.;TH=300.;NC=0.0;TC=TH-20.;QURB=0.0;CDAY=180.;TIMLOC=12. 

STABLE=F

EWV=6.

  - Geometrical parameters of roughness layer: 

DN=5.E-04;D0=0.5;H=40.;AM=1.

  Parameters: 

WG=0.;Z0=0.03;AKAP=0.4;CX=0.1;I1=1;RH1=1.293;CPA1=1005.

ENL=1.328E-5;PRNLTEM=0.7;GSIGMA=5.67E-8;ERLLW=0.8;ESOLW=0.92

ALBW=0.14;ALBR=0.16;ALBSSW=0.12;ALBRLSW=0.16;EB=0.09;I4=1000  

FI=60.;CC=0.7

RIO=(0.526+0.065*EWV**0.5)*GSIGMA*TH**4

RIO=RIO+(1-0.526-0.065*EWV**0.5)*GSIGMA*CC*NC*TC**4

TSI=3.141*FI/180.

COR=SIN(TSI)*1.46E-4

  ___________________________________________________________________

    GROUP 2. Transience; time-step specification

    GROUP 3. X-DIRECTION GRID SPACING

    GROUP 4. Y-DIRECTION GRID SPACING

YVLAST=1.0;NY=720

YFRAC(1)=-200;YFRAC(2)=0.5

YFRAC(3)=200;YFRAC(4)=1.;YFRAC(5)=100;YFRAC(6)=3.

YFRAC(7)=100;YFRAC(8)=7.;YFRAC(9)=70;YFRAC(10)=10.

YFRAC(11)=50; YFRAC(12)=50.

TI2=H/(YFRAC(2)*YVLAST)+I1-1;I2=TI2 

TI3=1.5*H/(YFRAC(2)*YVLAST)+I1-1;I3=TI3

    GROUP 5. Z-DIRECTION GRID SPACING

    GROUP 6. Body-fitted coordinates or grid distortion

    GROUP 7. Variables stored, solved & named

SOLVE(C5,C7,TEM1);STORE(U1,W1,ENUT,LEN1,NPOR,VPOR)

NAME(C3)=WIND;STORE(WIND);TURMOD(KLMODL)

NAME(C5)=UI1;NAME(C7)=WI1

NAME(C9)=TW;SOLVE(TW);NAME(C13)=ALFA;STORE(ALFA)

NAME(C15)=ANG;STORE(ANG);NAME(C17)=MON;STORE(MON)

NAME(C19)=POT;STORE(POT);NAME(C21)=EDISS;STORE(EDISS)

    GROUP 8. Terms (in differential equations) & devices

TERMS(UI1,N,N,Y,N,Y,N);TERMS(WI1,N,N,Y,N,Y,N)

TERMS(KE,Y,N,Y,N,Y,N);TERMS(TEM1,N,N,Y,N,Y,N)

TERMS(TW,N,N,N,N,Y,N)

DIFCUT=0.5

    GROUP 9. Properties of the medium (or media)

ENUL=ENL;RHO1=RH1;EL1=GRND;PRNDTL(TEM1)=PRNLTEM

PRNDTL(UI1)=1.0;PRNDTL(WI1)=1.0;PRT(UI1)=1.0;PRT(WI1)=1.0

PRT(TEM1)=0.74

    GROUP 10. Inter-phase-transfer processes and properties

    GROUP 11. Initialization of variable or porosity fields

INIADD=F;FIINIT(UI1)=UG;FIINIT(WI1)=WG;FIINIT(NPOR)=1.0

FIINIT(VPOR)=1.0;FIINIT(TEM1)=TH;FIINIT(TW)=TH

FIINIT(ENUT)=1.E4*ENUL

PATCH(KEDISTR1,INIVAL,1,1,I1,2*I2,1,1,1,LSTEP)

INIT(KEDISTR1,KE,0.0,0.15)

PATCH(KEDISTR2,INIVAL,1,1,2*I2+1,NY,1,1,1,LSTEP)

INIT(KEDISTR2,KE,0.0,1.E-5)

PATCH(LAYPOR,INIVAL,1,1,I1,I2,1,1,1,LSTEP)

INIT(LAYPOR,NPOR,0.0,GRND);INIT(LAYPOR,VPOR,0.0,GRND)

    GROUP 12. Unused

    GROUP 13. Boundary conditions and special sources

PATCH(SINKOFV,PHASEM,1,1,I1,I2,1,1,1,LSTEP)

COVAL(SINKOFV,UI1,GRND,0.0);COVAL(SINKOFV,WI1,GRND,0.0)

PATCH(CORFORCE,PHASEM,1,1,1,NY,1,1,1,LSTEP)

COVAL(CORFORCE,UI1,FIXFLU,GRND)

COVAL(CORFORCE,WI1,FIXFLU,GRND)

PATCH(GEOSTRFW,PHASEM,1,1,1,NY,1,1,1,LSTEP)

COVAL(GEOSTRFW,WI1,FIXFLU,COR*UG)

PATCH(SOURCEKE,PHASEM,1,1,I1,I2,1,1,1,LSTEP)

COVAL(SOURCEKE,KE,FIXFLU,GRND)

PATCH(KEBUOY,PHASEM,1,1,I1,NY,1,1,1,LSTEP)

COVAL(KEBUOY,KE,GRND4,GRND4)

BUOYB=-9.81;BUOYD=-1./273.

PATCH(KEADBUO,PHASEM,1,1,I1,NY,1,1,1,LSTEP)

COVAL(KEADBUO,KE,FIXFLU,GRND)

PATCH(DRAGV,SWALL,1,1,I1,I1,1,1,1,LSTEP)

COVAL(DRAGV,UI1,GRND2,0.0);COVAL(DRAGV,WI1,GRND2,0.0)

COVAL(DRAGV,KE,GRND2,GRND2)

IF (STABLE) THEN

PATCH(TEMDIST2,VOLUME,1,1,I2+1,NY,1,1,1,LSTEP)

COVAL(TEMDIST2,TEM1,FIXVAL,GRND)

GAMT=0.01

ELSE

PATCH(TEMDIST3,VOLUME,1,1,I2+1,NY,1,1,1,LSTEP)

COVAL(TEMDIST3,TEM1,FIXVAL,GRND)

GAMT=0.009

ENDIF

PATCH(SOIL,SOUTH,1,1,I1,I1,1,1,1,LSTEP)

COVAL(SOIL,TEM1,FIXFLU,GRND)

PATCH(TWRADUP,VOLUME,1,1,I1,I2,1,1,1,LSTEP)

COVAL(TWRADUP,TW,GRND,0.0)

PATCH(SOUTW,VOLUME,1,1,I1,I2,1,1,1,LSTEP)

COVAL(SOUTW,TW,GRND,GRND);COVAL(SOUTW,TEM1,GRND,GRND)

PATCH(TWRADOWN,VOLUME,1,1,I1,I2,1,1,1,LSTEP)

COVAL(TWRADOWN,TW,FIXFLU,GRND)

PATCH(ABOVE,NORTH,1,1,I2,I2,1,1,1,LSTEP)

COVAL(ABOVE,TEM1,FIXVAL,TH)

TCO=2*3.141*(CDAY-173)/365.25

SCL=0.41*COS(TCO)

TCO1=3.141*(TIMLOC-12)/12

HOS=SIN(TSI)*SIN(SCL)+COS(TSI)*COS(SCL)*COS(TCO1)

IF (HOS.LT.0.0) THEN

HOS=0.0

ENDIF

HOS=ASIN(HOS)

MT=1.029/(SIN(HOS)+0.029)

IF (FI.LT.70.) THEN

AT=0.4-0.8E-3*FI

ELSE

AT=0.18-2.7E-3*(FI-70)

ENDIF

QRH=(1-ALBRLSW)*1360*SIN(HOS)*(1-(AT+0.38*NC)*NC)

QRH=QRH/(1+0.092*MT)

PATCH(SUNHEAT,VOLUME,1,1,I1,I2,1,1,1,LSTEP)

COVAL(SUNHEAT,TW,FIXFLU,GRND)

PATCH(URBNHEAT,VOLUME,1,1,I1,I2,1,1,1,LSTEP)

COVAL(URBNHEAT,TW,FIXFLU,GRND)

    GROUP 14. Downstream pressure for PARAB=.TRUE.

    GROUP 15. Termination of sweeps

LSWEEP=3750

    GROUP 16. Termination of iterations

ENDIT(UI1)=1.E-4;ENDIT(WI1)=1.E-4

ENDIT(KE)=1.E-4

    GROUP 17. Under-relaxation devices

RELAX(KE,FALSDT,0.1)

RELAX(TEM1,LINRLX,0.2)

RELAX(TW,LINRLX,0.2)

RELAX(UI1,FALSDT,10.)

RELAX(WI1,FALSDT,10.)

    GROUP 18. Limits on variables or increments to them

VARMAX(KE)=100.;VARMIN(KE)=0.0

VARMAX(UI1)=2*UG;VARMIN(UI1)=-2*UG

VARMAX(WI1)=2*UG;VARMIN(WI1)=-2*UG

VARMIN(TEM1)=200.;VARMAX(TEM1)=600.

VARMIN(TW)=250.;VARMAX(TW)=500.

    GROUP 19. Data communicated by satellite to GROUND

USEGRD=T;EGWF=T;USEGRX=T;WALLA=Z0

RG(1)=1-D0

RG(2)=H

RG(4)=DN

RG(5)=Z0

RG(6)=RG(2)/(RG(1)**0.5)

RG(7)=AKAP

RG(8)=CX

RG(9)=AM

RG(10)=COR

RG(11)=RH1*CPA1

RG(12)=4.E-4*UG/COR

RG(13)=0.01-GAMT  

RG(14)=ENL/PRNLTEM

RG(15)=RG(11)*RG(14)/RG(9)

RG(16)=ENL

RG(17)=9.81/RG(16)**2

RG(18)=RG(16)/RG(14)

RG(19)=4*3.141*(1+RG(9))*RG(4)/((3.141*RG(9))**0.5)

RG(19)=RG(19)+4*RG(1)/RG(2)**2

RG(20)=GSIGMA

RG(21)=ERLLW

RG(22)=COS(HOS)**2

RG(23)=SIN(HOS)**2

RG(24)=2*(ALBW-1)

RG(25)=2*(ALBR-1)

RG(26)=(RG(2)*(1+RG(9))*(RG(4)*RG(1)/RG(9))**0.5)/3.141

RG(27)=-RG(22)*RG(24)*RG(26)*2/RG(2)

RG(28)=-RG(23)*RG(25)*RG(1)*2/RG(2)

RG(29)=QRH  

RG(30)=PRT(TEM1)

RG(31)=TH

RG(32)=1-ALBSSW

RG(33)=1-EB

RG(34)=RIO

RG(35)=ESOLW

RG(36)=QURB  

IG(1)=I1

IG(2)=I2 

IG(3)=I3    

IG(4)=I4

LG(1)=STABLE

    GROUP 20. Preliminary print-out

ECHO=T

    GROUP 21. Print-out of variables

OUTPUT(UI1,Y,Y,Y,Y,Y,Y)

OUTPUT(WI1,Y,Y,Y,Y,Y,Y);OUTPUT(KE,Y,Y,Y,Y,Y,Y)

OUTPUT(WIND,Y,Y,Y,Y,Y,Y)

  DEBUG=T;FLAG=T;DBGRND=T

    GROUP 22. Spot-value print-out

IYMON=(I1+I2)/2;NPLT=2;TSTSWP=-1

    GROUP 23. Field print-out and plot control

  ** Print out flow field values in Y-Z plane

YZPR=T;NYPRIN=10

SAVE=T;NSAVE=CHAM

 **END OF CASE2(stratified atmosphere)

STOP

Appendix B. The q1 file (case2: neutral atmosphere)

TALK=F;RUN( 1, 1);VDU=VGACURSR

    ** CASE2(neutral atmosphere)

    GROUP 1. Run title and other preliminaries

TEXT(CITY ROUGHNESS LAYER)

REAL(D0,H,DN,Z0,AKAP,CX,AM,COR,UG,WG,TI2,FI,TSI)

INTEGER(I1,I2)

  porosity of roughness layer at ground surface - D0

  height of porosity layer - H

  dispersity of porosity layer - DN

  micro-roughness length - Z0

  von Karman's constant - AKAP

  drag coefficient - CX

  model obstacle (rectangle) side ratio - AM

  Coriolis parameter - COR

  x - projection of geostrophic wind - UG

  z - projection of geostrophic wind - WG 

  initial cell of roughness layer - I1

  final cell of roughness layer - I2

  _______________________________________________________________

  -  Frequently changed parameters:  
· External parameters:

UG=15.

  - Geometrical parameters of roughness layer:

DN=5.E-04;D0=0.5;H=40.;AM=1.

  Parameters: 

Z0=0.03;AKAP=0.4;CX=0.1;FI=60.;WG=0.;I1=1

TSI=3.141*FI/180.

COR=SIN(TSI)*1.46E-4

  ______________________________________________________________

    GROUP 2. Transience; time-step specification

    GROUP 3. X-DIRECTION GRID SPACING

    GROUP 4. Y-DIRECTION GRID SPACING

YVLAST=1.0;NY=720

YFRAC(1)=-200;YFRAC(2)=0.5

YFRAC(3)=200;YFRAC(4)=1.;YFRAC(5)=100;YFRAC(6)=3.

YFRAC(7)=100;YFRAC(8)=7.;YFRAC(9)=70;YFRAC(10)=10.

YFRAC(11)=50; YFRAC(12)=50.

TI2=H/(YFRAC(2)*YVLAST)+I1-1;I2=TI2

    GROUP 5. Z-DIRECTION GRID SPACING

    GROUP 6. Body-fitted coordinates or grid distortion

    GROUP 7. Variables stored, solved & named

SOLVE(C5,C7);STORE(U1,W1,ENUT,LEN1,NPOR,VPOR)

NAME(C3)=WIND;STORE(WIND);TURMOD(KLMODL)

NAME(C5)=UI1;NAME(C7)=WI1

NAME(C21)=EDISS;STORE(EDISS)

NAME(C15)=ANG;STORE(ANG)

    GROUP 8. Terms (in differential equations) & devices

TERMS(UI1,N,N,Y,N,Y,N);TERMS(WI1,N,N,Y,N,Y,N)

TERMS(KE,Y,N,Y,N,Y,N)

DIFCUT=0.5

    GROUP 9. Properties of the medium (or media)

ENUL=1.328E-5;RHO1=1.293;EL1=GRND

PRNDTL(UI1)=1.0;PRNDTL(WI1)=1.0;PRT(UI1)=1.0;PRT(WI1)=1.0

    GROUP 10. Inter-phase-transfer processes and properties

    GROUP 11. Initialization of variable or porosity fields

INIADD=F;FIINIT(UI1)=UG;FIINIT(WI1)=WG;FIINIT(NPOR)=1.0

FIINIT(VPOR)=1.0;FIINIT(ENUT)=ENUL

PATCH(KEDISTR1,INIVAL,1,1,I1,2*I2,1,1,1,LSTEP)

INIT(KEDISTR1,KE,0.0,0.15)

PATCH(KEDISTR2,INIVAL,1,1,2*I2+1,NY,1,1,1,LSTEP)

INIT(KEDISTR2,KE,0.0,1.E-3)

PATCH(LAYPOR,INIVAL,1,1,I1,I2,1,1,1,LSTEP)

INIT(LAYPOR,NPOR,0.0,GRND);INIT(LAYPOR,VPOR,0.0,GRND)

    GROUP 12. Unused

    GROUP 13. Boundary conditions and special sources

PATCH(SINKOFV,PHASEM,1,1,I1,I2,1,1,1,LSTEP)

COVAL(SINKOFV,UI1,GRND,0.0);COVAL(SINKOFV,WI1,GRND,0.0)

PATCH(CORFORCE,PHASEM,1,1,1,NY,1,1,1,LSTEP)

COVAL(CORFORCE,UI1,FIXFLU,GRND)

COVAL(CORFORCE,WI1,FIXFLU,GRND)

PATCH(GEOSTRFW,PHASEM,1,1,1,NY,1,1,1,LSTEP)

COVAL(GEOSTRFW,WI1,FIXFLU,COR*UG)

PATCH(SOURCEKE,PHASEM,1,1,I1,I2,1,1,1,LSTEP)

COVAL(SOURCEKE,KE,FIXFLU,GRND)

PATCH(DRAGV,SWALL,1,1,I1,I1,1,1,1,LSTEP)

COVAL(DRAGV,UI1,GRND2,0.0);COVAL(DRAGV,WI1,GRND2,0.0)

COVAL(DRAGV,KE,GRND2,GRND2) 

    GROUP 14. Downstream pressure for PARAB=.TRUE.

    GROUP 15. Termination of sweeps

LSWEEP=1450

    GROUP 16. Termination of iterations

ENDIT(UI1)=1.E-4;ENDIT(WI1)=1.E-4

ENDIT(KE)=1.E-4

  LITER(UI1)=20;LITER(WI1)=20

    GROUP 17. Under-relaxation devices

RELAX(KE,FALSDT,1000.);RELAX(UI1,FALSDT,10000.)

RELAX(WI1,FALSDT,10000.)

    GROUP 18. Limits on variables or increments to them

VARMAX(KE)=100.;VARMIN(KE)=0.0

VARMAX(UI1)=2*UG;VARMIN(UI1)=-2*UG

VARMAX(WI1)=2*UG;VARMIN(WI1)=-2*UG

    GROUP 19. Data communicated by satellite to GROUND

USEGRD=T;EGWF=T;USEGRX=T;WALLA=Z0

RG(1)=1-D0

RG(2)=H

RG(3)=0.0

RG(4)=DN

RG(5)=Z0

RG(6)=RG(2)/(RG(1)**0.5)

RG(7)=AKAP

RG(8)=CX

RG(9)=AM

RG(10)=COR

RG(12)=4.E-4*UG/COR

IG(1)=I1

IG(2)=I2

    GROUP 20. Preliminary print-out

ECHO=T

    GROUP 21. Print-out of variables

OUTPUT(UI1,Y,Y,Y,Y,Y,Y)

OUTPUT(WI1,Y,Y,Y,Y,Y,Y);OUTPUT(KE,Y,Y,Y,Y,Y,Y)

OUTPUT(WIND,Y,Y,Y,Y,Y,Y)

    GROUP 22. Spot-value print-out

IYMON=(I1+I2)/2;NPLT=2;TSTSWP=-1

    GROUP 23. Field print-out and plot control

  ** Print out flow field values in Y-Z plane

YZPR=T;NYPRIN=10

SAVE=T;NSAVE=CHAM

 **END OF CASE2(neutral atmosphere)

STOP
Appendix C. The q1 file (case3: stratified atmosphere)

TALK=F;RUN( 1, 1);VDU=VGACURSR

    ** CASE3(stratified atmosphere) 
    GROUP 1. Run title and other preliminaries

TEXT(INDUSTRIAL ROUGHNESS LAYER)

REAL(D0,H,DN,Z0,AKAP,CX,AM,COR,UG,WG,TI2,TI3,MT,AT,RH1)

REAL(CPA1,GAMT,ENL,PRNLTEM,GSIGMA,ERLLW,ESOLW,HOS,FI)

REAL(ALBW,ALBR,QRH,QURB,TH,ALBSSW,EB,RIO,ALBRLSW,TC,SCL)

REAL(CDAY,TIMLOC,CC,TSI,TCO,TCO1,EWV,NC)

INTEGER(I1,I2,I3,I4)

BOOLEAN(STABLE)

  porosity of roughness layer at ground surface - D0

  height of porosity layer - H

  dispersity of porosity layer - DN

  micro-roughness length - Z0

  von Karman's constant - AKAP

  drag coefficient - CX

  model obstacle (rectangle) side ratio - AM

  Coriolis parameter - COR

  x - projection of geostrophic wind - UG

  z - projection of geostrophic wind - WG

  initial cell of roughness layer - I1

  final cell of roughness layer - I2

  cell, where friction velocity is calculated - I3

  iteration number, starting with that the temperature distribution and mixing  length are recalculated - I4

  air density - RH1

  air heat capacity - CPA1

  lapse rate at the top of BLA (in entrainment zone) - GAMT

  air kinematic viscosity - ENL

  molecular Prandtl number - PRNLTEM

  Stefan-Boltzmann constant - GSIGMA

  emissivity of roughness elements surfaces - ERLLW

  infrared emissivity of the ground surface - ESOLW

  solar elevation angle - HOS

  albedo of walls - ALBW 

  albedo of roofs - ALBR

  albedo of porosity layer - ALBRLSW

  downwelling short wave (solar) radiation flux at the top of porosity layer - QRH

  downward long wave radiation flux at the top of porosity layer - RIO  

  temperature at the top of porosity layer - TH

  urban heat flux -QURB

  fraction (percentage) of the net radiation - EP

  cloud-cover fraction - NC

  saturation temperature for water vapour - TC

  water vapour pressure –EWV
  latitude - FI 

  ____________________________________________________________________ 

  - Frequently changed parameters: 

  - External parameters:

UG=5.;TH=300.;NC=0.0;TC=TH-20.;QURB=0.0;CDAY=180.;TIMLOC=0. 

STABLE=T

EWV=6.

  - Geometrical parameters of roughness layer:

DN=1.E-01;D0=0.9;H=10.;AM=1.

  Parameters:

WG=0.;Z0=0.03;AKAP=0.4;CX=0.1;I1=1;RH1=1.293;CPA1=1005.

ENL=1.328E-5;PRNLTEM=0.7;GSIGMA=5.67E-8;ERLLW=0.8;ESOLW=0.92

ALBW=0.14;ALBR=0.16;ALBSSW=0.12;ALBRLSW=0.16;EB=0.09;I4=1000  

FI=60.;CC=0.7

RIO=(0.526+0.065*EWV**0.5)*GSIGMA*TH**4

RIO=RIO+(1-0.526-0.065*EWV**0.5)*GSIGMA*CC*NC*TC**4

TSI=3.141*FI/180.

COR=SIN(TSI)*1.46E-4

  ___________________________________________________________________

    GROUP 2. Transience; time-step specification

    GROUP 3. X-DIRECTION GRID SPACING

    GROUP 4. Y-DIRECTION GRID SPACING

YVLAST=1.0;NY=720

YFRAC(1)=-200;YFRAC(2)=0.5

YFRAC(3)=200;YFRAC(4)=1.;YFRAC(5)=100;YFRAC(6)=3.

YFRAC(7)=100;YFRAC(8)=7.;YFRAC(9)=70;YFRAC(10)=10.

YFRAC(11)=50; YFRAC(12)=50.

TI2=H/(YFRAC(2)*YVLAST)+I1-1;I2=TI2 

TI3=1.5*H/(YFRAC(2)*YVLAST)+I1-1;I3=TI3

    GROUP 5. Z-DIRECTION GRID SPACING

    GROUP 6. Body-fitted coordinates or grid distortion

    GROUP 7. Variables stored, solved & named

SOLVE(C5,C7,TEM1);STORE(U1,W1,ENUT,LEN1,NPOR,VPOR)

NAME(C3)=WIND;STORE(WIND);TURMOD(KLMODL)

NAME(C5)=UI1;NAME(C7)=WI1

NAME(C9)=TW;SOLVE(TW);NAME(C13)=ALFA;STORE(ALFA)

NAME(C15)=ANG;STORE(ANG);NAME(C17)=MON;STORE(MON)

NAME(C19)=POT;STORE(POT);NAME(C21)=EDISS;STORE(EDISS)

    GROUP 8. Terms (in differential equations) & devices

TERMS(UI1,N,N,Y,N,Y,N);TERMS(WI1,N,N,Y,N,Y,N)

TERMS(KE,Y,N,Y,N,Y,N);TERMS(TEM1,N,N,Y,N,Y,N)

TERMS(TW,N,N,N,N,Y,N)

DIFCUT=0.5

    GROUP 9. Properties of the medium (or media)

ENUL=ENL;RHO1=RH1;EL1=GRND;PRNDTL(TEM1)=PRNLTEM

PRNDTL(UI1)=1.0;PRNDTL(WI1)=1.0;PRT(UI1)=1.0;PRT(WI1)=1.0

PRT(TEM1)=0.74

    GROUP 10. Inter-phase-transfer processes and properties

    GROUP 11. Initialization of variable or porosity fields

INIADD=F;FIINIT(UI1)=UG;FIINIT(WI1)=WG;FIINIT(NPOR)=1.0

FIINIT(VPOR)=1.0;FIINIT(TEM1)=TH;FIINIT(TW)=TH

FIINIT(ENUT)=1.E4*ENUL

PATCH(KEDISTR1,INIVAL,1,1,I1,2*I2,1,1,1,LSTEP)

INIT(KEDISTR1,KE,0.0,0.15)

PATCH(KEDISTR2,INIVAL,1,1,2*I2+1,NY,1,1,1,LSTEP)

INIT(KEDISTR2,KE,0.0,1.E-5)

PATCH(PORIN,INIVAL,1,1,I1,I2,1,1,1,LSTEP)

INIT(PORIN,NPOR,0.0,D0);INIT(PORIN,VPOR,0.0,D0)

    GROUP 12. Unused

    GROUP 13. Boundary conditions and special sources

PATCH(SINKOFV,PHASEM,1,1,I1,I2,1,1,1,LSTEP)

COVAL(SINKOFV,UI1,GRND,0.0);COVAL(SINKOFV,WI1,GRND,0.0)

PATCH(CORFORCE,PHASEM,1,1,1,NY,1,1,1,LSTEP)

COVAL(CORFORCE,UI1,FIXFLU,GRND)

COVAL(CORFORCE,WI1,FIXFLU,GRND)

PATCH(GEOSTRFW,PHASEM,1,1,1,NY,1,1,1,LSTEP)

COVAL(GEOSTRFW,WI1,FIXFLU,COR*UG)

PATCH(SOURCEKE,PHASEM,1,1,I1,I2,1,1,1,LSTEP)

COVAL(SOURCEKE,KE,FIXFLU,GRND)

PATCH(KEBUOY,PHASEM,1,1,I1,NY,1,1,1,LSTEP)

COVAL(KEBUOY,KE,GRND4,GRND4)

BUOYB=-9.81;BUOYD=-1./273.

PATCH(KEADBUO,PHASEM,1,1,I1,NY,1,1,1,LSTEP)

COVAL(KEADBUO,KE,FIXFLU,GRND)

PATCH(DRAGV,SWALL,1,1,I1,I1,1,1,1,LSTEP)

COVAL(DRAGV,UI1,GRND2,0.0);COVAL(DRAGV,WI1,GRND2,0.0)

COVAL(DRAGV,KE,GRND2,GRND2)

IF (STABLE) THEN

PATCH(TEMDIST2,VOLUME,1,1,I2+1,NY,1,1,1,LSTEP)

COVAL(TEMDIST2,TEM1,FIXVAL,GRND)

GAMT=0.01

ELSE

PATCH(TEMDIST3,VOLUME,1,1,I2+1,NY,1,1,1,LSTEP)

COVAL(TEMDIST3,TEM1,FIXVAL,GRND)

GAMT=0.009

ENDIF

PATCH(SOIL,SOUTH,1,1,I1,I1,1,1,1,LSTEP)

COVAL(SOIL,TEM1,FIXFLU,GRND)

PATCH(SOUTW,VOLUME,1,1,I1,I2,1,1,1,LSTEP)

COVAL(SOUTW,TW,GRND,GRND);COVAL(SOUTW,TEM1,GRND,GRND)

PATCH(ABOVE,NORTH,1,1,I2,I2,1,1,1,LSTEP)

COVAL(ABOVE,TEM1,FIXVAL,TH)

TCO=2*3.141*(CDAY-173)/365.25

SCL=0.41*COS(TCO)

TCO1=3.141*(TIMLOC-12)/12

HOS=SIN(TSI)*SIN(SCL)+COS(TSI)*COS(SCL)*COS(TCO1)

IF (HOS.LT.0.0) THEN

HOS=0.0

ENDIF

HOS=ASIN(HOS)

MT=1.029/(SIN(HOS)+0.029)

IF (FI.LT.70.) THEN

AT=0.4-0.8E-3*FI

ELSE

AT=0.18-2.7E-3*(FI-70)

ENDIF

QRH=(1-ALBRLSW)*1360*SIN(HOS)*(1-(AT+0.38*NC)*NC)

QRH=QRH/(1+0.092*MT)

PATCH(SUNHEAT,VOLUME,1,1,I1,I2,1,1,1,LSTEP)

COVAL(SUNHEAT,TW,FIXFLU,GRND)

PATCH(URBNHEAT,VOLUME,1,1,I1,I2,1,1,1,LSTEP)

COVAL(URBNHEAT,TW,FIXFLU,GRND)

    GROUP 14. Downstream pressure for PARAB=.TRUE.

    GROUP 15. Termination of sweeps

LSWEEP=3750

    GROUP 16. Termination of iterations

ENDIT(UI1)=1.E-4;ENDIT(WI1)=1.E-4

ENDIT(KE)=1.E-4

    GROUP 17. Under-relaxation devices

RELAX(KE,FALSDT,0.1)

RELAX(TEM1,LINRLX,0.2)

RELAX(TW,LINRLX,0.2)

RELAX(UI1,FALSDT,10.)

RELAX(WI1,FALSDT,10.)

    GROUP 18. Limits on variables or increments to them

VARMAX(KE)=100.;VARMIN(KE)=0.0

VARMAX(UI1)=2*UG;VARMIN(UI1)=-2*UG

VARMAX(WI1)=2*UG;VARMIN(WI1)=-2*UG

VARMIN(TEM1)=200.;VARMAX(TEM1)=600.

VARMIN(TW)=250.;VARMAX(TW)=500.

    GROUP 19. Data communicated by satellite to GROUND

USEGRD=T;EGWF=T;USEGRX=T;WALLA=Z0

RG(1)=1-D0

RG(2)=H

RG(4)=DN

RG(5)=Z0

RG(6)=1/(RG(1)**0.5)

RG(7)=AKAP

RG(8)=CX

RG(9)=AM

RG(10)=COR

RG(11)=RH1*CPA1

RG(12)=4.E-4*UG/COR

RG(13)=0.01-GAMT  

RG(14)=ENL/PRNLTEM

RG(15)=0.037*ENL*RG(11)/(PRNLTEM**0.66)

RG(15)=RG(15)/(RG(1)*RG(9)/RG(4))**0.5

RG(16)=ENL

RG(18)=RG(16)/RG(14)

RG(19)=4*3.141*(1+RG(9))*RG(4)/((3.141*RG(9))**0.5)

RG(20)=GSIGMA

RG(21)=ERLLW

RG(22)=COS(HOS)**2

RG(23)=SIN(HOS)**2

RG(24)=2*(ALBW-1)

RG(25)=2*(ALBR-1)

RG(26)=(2*(1+RG(9))*(RG(4)*RG(1)/RG(9))**0.5)/3.141

RG(27)=-RG(22)*RG(24)*RG(26)

RG(29)=QRH  

RG(30)=PRT(TEM1)

RG(31)=TH

RG(32)=1-ALBSSW

RG(33)=1-EB

RG(34)=RIO

RG(35)=ESOLW

RG(36)=QURB  

IG(1)=I1

IG(2)=I2 

IG(3)=I3    

IG(4)=I4

LG(1)=STABLE

    GROUP 20. Preliminary print-out

ECHO=T

    GROUP 21. Print-out of variables

OUTPUT(UI1,Y,Y,Y,Y,Y,Y)

OUTPUT(WI1,Y,Y,Y,Y,Y,Y);OUTPUT(KE,Y,Y,Y,Y,Y,Y)

OUTPUT(WIND,Y,Y,Y,Y,Y,Y)

  DEBUG=T;FLAG=T;DBGRND=T

    GROUP 22. Spot-value print-out

IYMON=(I1+I2)/2;NPLT=2;TSTSWP=-1

    GROUP 23. Field print-out and plot control

  ** Print out flow field values in Y-Z plane

YZPR=T;NYPRIN=10

SAVE=T;NSAVE=CHAM

  **END OF CASE3 (stratified atmosphere)

STOP

Appendix D. The q1 file (case3: neutral atmosphere)
TALK=F;RUN( 1, 1);VDU=VGACURSR

    ** CASE3 (neutral atmosphere) 
    GROUP 1. Run title and other preliminaries

TEXT(INDUSTRIAL ROUGHNESS LAYER)

REAL(D0,H,DN,Z0,AKAP,CX,AM,COR,UG,WG,TI2,FI,TSI)

INTEGER(I1,I2)

  porosity of roughness layer at ground surface - D0

  height of porosity layer - H

  dispersity of porosity layer - DN

  micro-roughness length - Z0

  von Karman's constant - AKAP

  drag coefficient - CX

  model obstacle (rectangle) side ratio - AM

  Coriolis parameter - COR

  x - projection of geostrophic wind - UG

  z - projection of geostrophic wind - WG 

  initial cell of roughness layer - I1

  final cell of roughness layer - I2  _______________________________________________________________

  -  Frequently changed parameters:  
  -  External parameters:

UG=5.

  - Geometrical parameters of roughness layer:

DN=6.E-04;D0=0.8;H=20.;AM=1.0

  Parameters: 

Z0=0.03;AKAP=0.4;CX=0.1;FI=60.;WG=0.;I1=1

TSI=3.141*FI/180.

COR=SIN(TSI)*1.46E-4

  ______________________________________________________________

    GROUP 2. Transience; time-step specification

    GROUP 3. X-DIRECTION GRID SPACING

    GROUP 4. Y-DIRECTION GRID SPACING

YVLAST=1.0;NY=720

YFRAC(1)=-200;YFRAC(2)=0.5

YFRAC(3)=200;YFRAC(4)=1.;YFRAC(5)=100;YFRAC(6)=3.

YFRAC(7)=100;YFRAC(8)=7.;YFRAC(9)=70;YFRAC(10)=10.

YFRAC(11)=50; YFRAC(12)=50.

TI2=H/(YFRAC(2)*YVLAST)+I1-1;I2=TI2

    GROUP 5. Z-DIRECTION GRID SPACING

    GROUP 6. Body-fitted coordinates or grid distortion

    GROUP 7. Variables stored, solved & named

SOLVE(C5,C7);STORE(U1,W1,ENUT,LEN1,NPOR,VPOR)

NAME(C3)=WIND;STORE(WIND);TURMOD(KLMODL)

NAME(C5)=UI1;NAME(C7)=WI1

NAME(C15)=ANG;STORE(ANG)

NAME(C21)=EDISS;STORE(EDISS)

    GROUP 8. Terms (in differential equations) & devices

TERMS(UI1,N,N,Y,N,Y,N);TERMS(WI1,N,N,Y,N,Y,N)

TERMS(KE,Y,N,Y,N,Y,N)

DIFCUT=0.5

    GROUP 9. Properties of the medium (or media)

ENUL=1.328E-5;RHO1=1.293;EL1=GRND

PRNDTL(UI1)=1.0;PRNDTL(WI1)=1.0;PRT(UI1)=1.0;PRT(WI1)=1.0

    GROUP 10. Inter-phase-transfer processes and properties

    GROUP 11. Initialization of variable or porosity fields

INIADD=F;FIINIT(UI1)=UG;FIINIT(WI1)=WG;FIINIT(NPOR)=1.0

FIINIT(VPOR)=1.0;FIINIT(ENUT)=ENUL

PATCH(KEDISTR1,INIVAL,1,1,I1,2*I2,1,1,1,LSTEP)

INIT(KEDISTR1,KE,0.0,0.15)

PATCH(KEDISTR2,INIVAL,1,1,2*I2+1,NY,1,1,1,LSTEP)

INIT(KEDISTR2,KE,0.0,1.E-3)

PATCH(PORIN,INIVAL,1,1,I1,I2,1,1,1,LSTEP)

INIT(PORIN,NPOR,0.0,D0);INIT(PORIN,VPOR,0.0,D0)

    GROUP 12. Unused

    GROUP 13. Boundary conditions and special sources

PATCH(SINKOFV,PHASEM,1,1,I1,I2,1,1,1,LSTEP)

COVAL(SINKOFV,UI1,GRND,0.0);COVAL(SINKOFV,WI1,GRND,0.0)

PATCH(CORFORCE,PHASEM,1,1,1,NY,1,1,1,LSTEP)

COVAL(CORFORCE,UI1,FIXFLU,GRND)

COVAL(CORFORCE,WI1,FIXFLU,GRND)

PATCH(GEOSTRFW,PHASEM,1,1,1,NY,1,1,1,LSTEP)

COVAL(GEOSTRFW,WI1,FIXFLU,COR*UG)

PATCH(SOURCEKE,PHASEM,1,1,I1,I2,1,1,1,LSTEP)

COVAL(SOURCEKE,KE,FIXFLU,GRND)

PATCH(DRAGV,SWALL,1,1,I1,I1,1,1,1,LSTEP)

COVAL(DRAGV,UI1,GRND2,0.0);COVAL(DRAGV,WI1,GRND2,0.0)

COVAL(DRAGV,KE,GRND2,GRND2) 

    GROUP 14. Downstream pressure for PARAB=.TRUE.

    GROUP 15. Termination of sweeps

LSWEEP=1450

    GROUP 16. Termination of iterations

ENDIT(UI1)=1.E-4;ENDIT(WI1)=1.E-4

ENDIT(KE)=1.E-4

    GROUP 17. Under-relaxation devices

RELAX(KE,FALSDT,1000.)

RELAX(UI1,FALSDT,10000.)

RELAX(WI1,FALSDT,10000.)

    GROUP 18. Limits on variables or increments to them

VARMAX(KE)=100.;VARMIN(KE)=0.0

VARMAX(UI1)=2*UG;VARMIN(UI1)=-2*UG

VARMAX(WI1)=2*UG;VARMIN(WI1)=-2*UG

    GROUP 19. Data communicated by satellite to GROUND

USEGRD=T;EGWF=T;USEGRX=T;WALLA=Z0

RG(1)=1-D0

RG(2)=H

RG(3)=0.0

RG(4)=DN

RG(5)=Z0

RG(6)=1/(RG(1)**0.5)

RG(7)=AKAP

RG(8)=CX

RG(9)=AM

RG(10)=COR

RG(12)=4.E-4*UG/COR

IG(1)=I1

IG(2)=I2

    GROUP 20. Preliminary print-out

ECHO=T

    GROUP 21. Print-out of variables

OUTPUT(UI1,Y,Y,Y,Y,Y,Y)

OUTPUT(WI1,Y,Y,Y,Y,Y,Y);OUTPUT(KE,Y,Y,Y,Y,Y,Y)

OUTPUT(WIND,Y,Y,Y,Y,Y,Y)

    GROUP 22. Spot-value print-out

IYMON=(I1+I2)/2;NPLT=2;TSTSWP=-1

    GROUP 23. Field print-out and plot control

  ** Print out flow field values in Y-Z plane

YZPR=T;NYPRIN=10

SAVE=T;NSAVE=CHAM

  **END OF CASE3(neutral atmosphere)

STOP
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