
------------------------------  Simsphere Version 0.1.6 Concatenated Listing  ------------------------------

******************************  File main.f90  ******************************

program simsphere

  use simsphere_mod

  use json_module

  use iso_fortran_env, only: real64

  implicit none

! Main program lists and defines model symbols, coordinates model

! subroutines, and establishes iteration sequence.

! Type declaration of variables.

!  interface

!    subroutine output(j, o)

!      use json_module

!      type(json_core) :: j

!      type(json_value), pointer :: o

!    end subroutine output

!  end interface

!** Compiler identifies FRACTN as unused

!**   character(len=5) FRACTN

  integer(kind=1) :: StabCriteria=0        ! Neutral (0), Unstable (1), Stable (2)

  real(kind=4) :: Obst_Hgt, zo_patch

  real(kind=4) :: Old_Ahum

  integer(kind=1) :: init=1

  integer :: No_Rows, IONCE=0, MONCE=0

!TJC  real(kind=4) :: ZLS(50)

  real :: ZLS(50)

!TJC Guessing at some types...

  real :: B, BareEvapFlux, BareHeatFlux, BareNetRadn, BareRadioTemp

  real :: MixedNetRadn, OLDTMP, TIME=0.0, TMOD

  real :: VegnNetRadn, VegnRadioTemp, YCOUNT=0.0

  logical :: dual_regime = .false.

! Subroutine variables that are preserved between calls

  real :: AIRCHGT=0.0, AIRCDELT, AIRCTHETA=1.0

  real :: WATERWIN=0.0

  real :: BELOWTE(9)=0.0

  integer(kind=1) :: VEGVELinit_vel=1

  integer :: averageinit=1

  integer :: PSLCALINIT=1

  integer :: outputinit=1

  type(t_timeloc) :: timeloc

  type(t_temp) :: temp

  type(t_windsnd) :: windsnd

  type(t_wind) :: wind

!AAP Not used in main:

!  type(t_met) :: met

!  type(t_veg) :: veg

!  type(t_soil) :: soil

  type(json_core) :: json

  type(json_value), pointer :: p, out

  character(len=12), parameter :: out_json = 'o_model.json'

  character(len=11), parameter :: out_file = 'o_model.dat'




!      INCLUDE 'modvars.h'

! Start reads the values of various input parameters to get the model

! going and Snding reads in the sounding file.

  if (writeTXT) then
    open ( unit=11, file = out_file )         ! Open the text output file

  end if


!  CALL START (Obst_Hgt,dual_regime,zo_patch) ! Read and Check data

  CALL START (Obst_Hgt, dual_regime, zo_patch, temp, windsnd, timeloc, wind)   ! Read data

  CALL SNDING (ZLS, Old_Ahum, temp, windsnd, timeloc, wind)  ! Read Sounding - Call Spline to Interpolate

  CALL CALC (OLDTMP, No_Rows)        ! Some basic calculations

  CALL PRFILE                       ! Set a Geostrophic wind at the surface

  CALL GETTBL                       ! Is the lookup table for subroutine TRANSM.

! This is the start of the diurnal loop (TIMEND-STRTIM), nominally 22 hrs.

  CALL PSOIL                        ! Set up for the soil

! Initialize JSON output

  call json % initialize(compact_reals=.true., real_format='*')

  call json % create_object(p,'')

  do while (realtm < timend)

!  5 CONTINUE                          ! Loop back here every 180 seconds

  ! Initially TIME = 0, so REALTME = STRTIM but remember

  ! TIME is incremented each step.

  ! STRTIM is the local clock time in seconds at which the model starts.

  ! REALTM is the local clock time in seconds of the current model iteration.

  ! TIME is the model integration time in seconds with the first iteration starting at TIME=0

  ! TIMEND is the local clock time in seconds at which the model should stop.

  ! PTIME is the local clock time in decimal hours of the current model iteration (REALTM/3600).

  ! OUTTT is the interval in seconds at which to write output.

    REALTM = TIME + STRTIM

    PTIME = REALTM / 3600.

    if ( .not. eq(OUTTT,0.0) ) then

      TMOD = MOD (TIME,OUTTT)

    end if

  !                CALL SUROUTINES IN THE SOLUTION SEQUENCE.

  ! Net Radiation

    CALL NETRAD (TIME,BareRadioTemp,VegnRadioTemp,BareNetRadn,VegnNetRadn,MixedNetRadn,Init)

  ! Resistance values in the Transition and Surface Layers

  ! Entry to nighttime formulations (BRI & MOM) through this subroutine

    CALL VEL (MONCE,IONCE,StabCriteria,YCOUNT,Obst_Hgt,dual_regime, &

    zo_patch,VEGVELinit_vel,PSLCALINIT)

  ! Mixed Layer

  !  write(*,*) 'HEAT: ',HEAT,' SWAVE: ',SWAVE,' RNET: ',RNET

    IF (HEAT>0.00001 .AND. SWAVE > 0 .AND. RNET > 0) THEN

      CALL AIR (ZLS, YCOUNT, AIRCHGT, AIRCDELT, AIRCTHETA)

    END IF

  ! Eddy Diffusivities in the Mixed Layer

    IF (HEAT>0.00001 .AND. SWAVE > 0 .AND. RNET > 0) THEN

      CALL DAYKM(windsnd%thick)

    END IF

  ! Momentum Equations - Mixed Layer

    IF (HEAT>0.00001 .AND. SWAVE > 0 .AND. RNET > 0) THEN

      CALL MOMDAY(windsnd%thick)

    END IF

  ! Evaporative Flux, Surface Temperature solutions

    CALL FLUX (BareRadioTemp,VegnRadioTemp,BareEvapFlux,BareHeatFlux,averageinit)

  ! Heat FLux - Penman Formulation

    IF((HEAT>=0 .or. RNET >0).AND.SWAVE >0) THEN

      CALL HOT (B,BareNetRadn,BareEvapFlux,BareHeatFlux)

    END IF

  !

    if (rnet > 0)then

      StabCriteria = 1

    else

      StabCriteria = 2

    endif

  ! End of the atmospheric cycle.

    CALL BELOW (Time,BareRadioTemp,BareEvapFlux,WATERWIN,BELOWTE) ! Substrate

  !  Output is written every OUTTT seconds.

    IF (eq(TMOD,0.0)) then

      call json % create_object(out,'output')

      call json % add(p,out)

      CALL output(json, out, outputinit)

    end if

  ! Increment Time.

    TIME = TIME + DELTA

!    IF (REALTM < timend) GO TO 5

  end do

  call json % print(p,out_json)

  call json % destroy(p)

  if (json % failed()) stop 1

  if (writeTXT) then
    ENDFILE (UNIT = 11)  ! Close the text output file

    CLOSE (UNIT = 11)

  end if


end


******************************  File air.f90  ******************************

subroutine  AIR (ZLS, YCOUNT, CHGT, CDELT, CTHETA)

  use simsphere_mod, only: hgt, gam, gm, het, heat, otemp, advgt, dens, cp, &

                           aptemp, atemp, tdif_50, delt, dhet, td, ntrp,    &

                           rad, grav, delta, za, ifirst, deltaz, eq

  implicit none

! **  Subroutine air computes the daytime height of the mixing layer and

! **  the potential temperature at height ZA.

  ! Preserved between calls as passed arguments

  real :: CHGT, CDELT, CTHETA

  real :: ZLS(50)

  real :: DELTX, zmix, tdel, ttop, YCOUNT

  integer :: I, J, L

!      INCLUDE 'modvars.h'

  IFIRST = 1.0

! **  Signal daytime situation, IFIRST = 1.

! **  Select the correct Pot. Temp lapse rate.

  do J = 2 , 9

    IF ( HGT > ZLS(J - 1) ) GAM = GM(J)

  end do

! **  CHGT is calculated here once only, based initially on a parameter-

! **  isation of Tennekes, before passing onto the ELSE statement.  Now

! **  mitre the mixing layer loop to 24 sec to increase accuracy, calc

! **  pot temp, temp at ZA and the mixing layer height over 240 sec.

  IF ( eq(CHGT,0.0) ) THEN

    HET = HEAT / ( DENS * CP )

    CHGT=(0.35*SQRT(0.3))*(((GRAV/OTEMP)**(1./3.))*(HGT**(1./3.)) *(HET**(1./3.)))

    CDELT = ( GAM * HGT * CHGT - HET ) / HGT

    CTHETA = ( HET / HGT ) - RAD + ADVGT

  ELSE

    DELTX = DELTA / 10

    do I = 1 , 10

      APTEMP = ( CTHETA * DELTX ) + APTEMP

      ATEMP = APTEMP - Tdif_50

      DELT = ( CDELT * DELTX ) + DELT

      IF ( DELT < 0.01 ) DELT = 0.01

      HGT = ( CHGT * DELTX ) + HGT

      HET = HEAT / ( DENS * CP )

      DHET = -0.5*HET/((1.+(2.6*(HET**(2./3.))/((GRAV*HGT/OTEMP)**(1./3.)*DELT))))

      CHGT = - DHET / DELT

      CTHETA = ( ( HET - DHET ) / HGT ) - RAD + ADVGT

      CDELT = ((GAM*HGT*CHGT)-(HET)-(DELT*CHGT))/HGT

    end do

  END IF

!** 12/3/91 Sounding Profile for course

  td(1) = aptemp

  zmix = ZA

  do l = 2, ntrp

    zmix = zmix + DELTAZ

    if (zmix < hgt) then

      td(l) = aptemp

    endif

  end do

! ** tdel is at the height just above the mixing layer

! ** ttop is at the height of the mixing layer

  tdel = aptemp + cdelt

  ttop = aptemp

! **  YCOUNT advanced to set the mode definitely for the daytime.

  YCOUNT = YCOUNT + 1.

  RETURN

END


******************************  File albedo.f90  ******************************

subroutine  ALBEDO (SOLSIN)

  use simsphere_mod, only: albg, albf, wgg, wmax, frveg, xlai, albdoe, sigf, eq

  implicit none

  real :: SOLSIN

  logical :: ALGFLG = .false. ,ALFFLG = .false.

  integer :: ALBFLG = 0

!      INCLUDE 'modvars.h'

! **  Modified 1/8/90 to allow user to specify Albedoes.

! **  If the albedoes are ommitted in START then they are calculated,

! **  otherwise the albedo of the ground and the foliage input are used

! **  to calculate the weighted albedo (ALBDOE).

! **  Note: ALBF depends on solar angle (SOLSIN); ALBG on WGG.

  IF (ALBFLG == 0) THEN

    IF (eq(ALBG,0.0)) ALGFLG = .TRUE.

    IF (eq(ALBF,0.0)) ALFFLG = .TRUE.

    ALBFLG = 1

  ENDIF

  IF ( ALGFLG ) THEN

    ALBG = 0.25 - 0.20 * WGG / WMAX     !  Toby's Value

!
ALBG = 0.20 - 0.15 * WGG / WMAX     !  Fudged Dim

!
ALBG = 0.30 - 0.20 * WGG / WMAX     !  Fudged Bright

  ENDIF

  IF ( ALFFLG ) THEN

!
ALBF = 0.025 /( 0.1 + 0.1 * SOLSIN ) + ( 1 - SOLSIN**2 ) * 0.1
! T

    ALBF = 0.032 /( 0.1 + 0.1 * SOLSIN ) + ( 1 - SOLSIN**2 ) * 0.1 ! A

  ENDIF

  SIGF = 1 - EXP(-0.4 * XLAI )

  ALBDOE = (SIGF*ALBF + (1 - SIGF)*ALBG)*FRVEG + (1-FRVEG) * ALBG

  return

end


******************************  File avr.f90  ******************************

subroutine avr(T_Unsmoothed, T_smoothed, init)

  implicit none

  real, save :: av_array(4)=0.0

  real :: sum_array=0.0, T_Unsmoothed, T_smoothed

  integer :: init, i=0, j=0, k=0

  if (init == 1) then ! fill all 4 elements with initial value of otemp

    do i = 1,4

      av_array(i) = T_Unsmoothed

    end do

    init = 2

  else

    do j = 2,4

      av_array(j-1) = av_array(j)

    end do

    av_array(4) = T_Unsmoothed

  endif

  sum_array = 0

  do k = 1,4

    sum_array = av_array(k) + sum_array

  end do

  T_smoothed = sum_array / 4

  return

end


******************************  File ball.f90  ******************************

subroutine BALL (PES, RHA)

  use simsphere_mod

  implicit none

!        INCLUDE 'modvars.h'

!/ 24th March 1995 -- RST is always unscaled in this subroutine.

!       A BRAND NEW ROUTINE TO GET FCO2 USING PHOTO MODEL      

!

!       PAR      >> PAR IN MOL UNITS

!       RRTOT    >> TOTAL RESISTANCE FOR CO2 DIFFUSION IN MOL UNITS

!       RAIR     >> SURFACE LAYER RESISTANCE

!       FCO2     >> CO2 FLUX (EITHER SCALED PER LEAF OR TOTAL)

!       CII      >> INTERNAL LEAF CO2 IN PPM

!       THE FOLLOWING ARE FROM THE TWO FARQUHAR PAPERS AND THE

!       "NOTE ON CARBON FIXATION MODELING" CONTAINS THE CURRENT 

!       PARAMETERIZATIONS FOR CCOMP, KO, KC, WR.  MOST OF THE 

!       PARAMETERS ARE NOW SET ACCORDING TO COLLATZ, BALL, BERRY.

!

!       AKC >> MM CONSTANT FOR CO2

!       AKO >> MM COMNSTANT FOR O2

!       OXY >> OXYGEN CONCENTRATION IN CHLOROPLASTS

!       VCMAX >> MAXIMUM CARBOXYLATION RATE

!       ALPI >> QUANTUM YEILD (PHOTONS PER CO2)

!       CCOMP >> CO2 COMPENSATION POINT

!       FCO2 >> CARBON EXCHANGE RATE

!       RESP >> DARK RESPIRATION 

!       CII >> INTERNAL CO2 CONCENTRATION 

!       WE >> RUBISCO LIMITED PHOTOSYNTHESIS

!       WR >> RUBP REGENERATION LIMITED PHOTOSYNTHESIS

!       VC >> CARBON EXCAHNGE IN ABSENSE OF PHOTORESPIRATION

!       PARQ >> PAR WHEN WR = WE FOR GIVEN CONDITIONS

!       TAU >> CO2/O2 SPECIFICITY RATIO

!

!       CSS >>>    LEAF SFC CO2 CONCENTRATION

!       GS  >>>    STOMATAL CONDUCTANCE

!       

!       CARBON FLUX AND RESISTANCES SHOULD BE PER UNIT LEAF AREA 

!       TO GET PSHYSIOLOGICAL CII

!

  character(len=7) :: LIMIT

  real :: PES, RHA, PAR, RAIR, RRTOT, AKC, TAU, AKO, VCMAX, RESP, CCOMP

  real :: AKC0, AKO0, OXY, VCMAX0, ALPI, RESP0, TAU0, AJPAR, AJMAX, AMPAR

  real :: CII, WE, AJ, WR, WS, VC, PARQ

  real :: AAA, BBB, CCC, GS, QBND, RHL, CSS

  RST = RST * XLAI / PES

  RAF = RAF * XLAI / PES  ! Unscaled

  FCO2 = FCO2 * PES / XLAI / FRVEG  ! Unscaled

!

!       PAR IN MOL UNITS

!

  PAR = ((SOL/2)*4.57)*1E-6      ! IN MOL UNITS

  RAIR = RHA + RZASCR

  RRTOT = 1.32 * RAF + 1.66*RST + RAIR

  RRTOT = RRTOT / 40.             ! IN MOL UNITS  

!
SET SOME PARAMTERS  PhotoSyn Model (NOW READ IN START)

  AKC0 = 3.0E-4

  AKO0 = 0.300

  OXY = 0.209

  VCMAX0 =  2.0E-4 !COLLATZ  !7.5E-5    DATA 1992

  ALPI = 12

  RESP0 = 3.0*1E-6

  TAU0 = 2600

  AJPAR = 380E-6

  AMPAR = 9.0   ! Conductance Model

!

!       CORRECT KINEMATIC PROPERTIES TO TEMPERATURE

!
SEE COLLATZ, BALL, BERRY, FARQUHAR

!

  AKC = AKC0*(2.1**((TF-298)/10))

  TAU = TAU0*(0.57**((TF-298)/10))

  AKO = AKO0*(1.2**((TF-298)/10))

  VCMAX = VCMAX0*(2.4**((TF-298)/10))

  RESP = RESP0*(2.0**((TF-298)/10))

  CCOMP = OXY/(2*TAU)

  AJMAX = AJPAR * (1. + 0.0409*(TF-303.) - 1.54E-3 * ((TF-303.)**2) - 9.42E-5 * ((TF-303.)**3))

!

!
CORRECT RESP INHIBITION AT HIGH TEMPERATURES

!       FROMM COLLATZ, BALL, BERRY

!

  RESP = RESP*1/(1+EXP((1.3*(TF-328))))

!

!       DO INTERATIONS TO GET CII STABLE WHEN CONDITIONS CHANGING

!       RAPIDLY.

!

20      CONTINUE

!

!
GUESS AT CI

!

  CI = CO - FCO2 * RRTOT

  CII = CO - FCO2 * RRTOT  ! Previous Value

  if (CI < 0) CI = 220*1E-6

!

!       CALCULATE NEW RUBISCO AND RUBP LIMITED RATES

!

  WE = VCMAX*CI/(CI + AKC*(1+(OXY/AKO)))

  AJ = AJMAX * PAR / (PAR + 2.1 * AJMAX)

  WR = AJ * CI / (4.5 * CI + 10.5 * CCOMP)

  WS = VCMAX / 2

!

!       DETERMINE THE FACTOR WHICH IS LIMITIING

!

  IF (WE <= WR .and. WE <= WS) THEN

    LIMIT = 'RUBISCO'

  ELSE IF (WR < WE .and. WR < WS) THEN

    LIMIT = 'E TRANS'

  ELSE

    LIMIT = 'SINK'

  END IF

!

!       SET CARBOXYLATION RATE TO THE LIMITING FACTOR

!

  VC = MIN(WE,WR,WS)

  PARQ = WE * (ALPI*(1+(2*CCOMP/CI)))

!

!       CO2 FLUX

!

  FCO2 = VC*(1 - CCOMP/CI) - RESP

  IF (CCOMP > CI) FCO2 = - RESP

!

!       BALL BERRY STOMATAL CONDUCTANCE MODEL

!

!         gs = AMPAR * fco2 * (rhl)/css + 0.01  !IN MOL UNITS

!

!       ESITIMATE OF Gs ---- RECHECK THIS: THERE MAY BE A PROBLEM

!       USING 1.32 FOR WATER VAPOR.

!

  AAA = CI

  BBB = CO / (RAF * 1.32 + RAIR) - AMPAR * FCO2

  CCC = -AMPAR * FCO2 * QAF / (QSTF * RAF)

!

!       SOLUTION IF NO RELATIVE HUMIDITY DEPENDANCE

!
Following 2 statements ....

!
 BBB = CO/(RAF * 1.32 + RAIR)

!        CCC = - AMPAR * FCO2

  IF (BBB**2 < 4*AAA*CCC) THEN

    RST = RCUT

  ELSE

    GS = (-BBB + SQRT(BBB**2 - 4*AAA*CCC))/(2*AAA)

    GS = GS / 40.0    !MKS UNITS

!    IF (.not. eq(GS,0.0)) RS = 1. / GS  ! Checks

!    IF (eq(GS,0.0)) RS = 500.0     ! -"-

    if (eq(gs,0.0)) then

      rs = 500.0

    else

      rs = 1.0 / gs

    end if

    RST = RS * RCUT / ( RS + RCUT )

    RRTOT = 1.32 * RAF + 1.66 * RST + RAIR        

    RRTOT = RRTOT / 40.0      ! Mole units

    CI = CO - RRTOT * FCO2

!

!
CHECK IF CI IS CONVERGING

!

    IF (ABS(1 - CI/CII) > 0.05) GOTO 20

  END IF

  IF (FCO2 < 0.0) RST = RCUT

!

!
SCALE THE RESISTANCE AND CO2 FLUX

!
Not Used in any equations -- just for output

  QBND = (QSTF/RST + QAF/RAF) * (1/RAF + 1/RST)**(-1)

! Humidity at leaf surface or leaf boundary layer

  RHL = QBND/QSTF  !  RH at Leaf Surface

  CCAN = (CI/(RST*1.66 + RAF*1.32) + CO/(RAIR))*(1/(RST*1.66 + RAF*1.32) + 1/RAIR)**(-1) ! CO2 in canopy

  CSS = FCO2 * RAF * 1.66 + CCAN    ! CO2 at leaf surface

  RAF = RAF * PES / XLAI   ! Scaling Back

  RST = RST * PES / XLAI

  FCO2 = FCO2 * XLAI / PES * FRVEG

  return

end


******************************  File below.f90  ******************************

subroutine  BELOW (TIME,BareRadioTemp,BareEvapFlux,WATERWIN,TE)

  use simsphere_mod

  implicit none

! **  Below is called every time step (N+1) to update the sub-surface

! **  temp's. The lowest level has a constant temp BTEMP, whereas the

! **  the surface temp has been found previously in FLUX. Use of the

! **  leap-frog method computes sub-surface temp's at the next time

! **  step from those at the current and the previous time step. BELOW

! **  also calls WATER to update the sub-surface soil moisture status.

!      real :: TE(9)=0.0 , TTT(9)=0.0 , DTDT(8)=0.0

      real :: TE(9) , TTT(9)=0.0 , DTDT(8)=0.0

      real :: TIME, BareRadioTemp, BareEvapFlux

      real :: TERM1=0.0, TERM2=0.0, TERM3=0.0

      integer :: NLVL1=0, I=0, K=0, dummy=0

      real :: WATERWIN

!      INCLUDE 'modvars.h'

! **  TT(2) is the temperature at the first level below the soil.

      NLVL1 = NLVLS + 1

! **  Use the fraction of vegetation to set the boundary conditions

! **  for the 1st level in the ground (surface).

      IF ( FRVEG == 0 ) THEN

         TT(1) = OTEMP

      ELSE IF (FRVEG > 0 .and. FRVEG < 1) THEN

         TT(1) = (TG**4*FRVEG + BareRadioTemp**4 * (1-Frveg))**0.25

      ELSE IF (FRVEG == 1) THEN

         TT(1) = TG

      ELSE

!   PRINT*, ' Error ... Fraction of vegetation outwith bounds '

!   STOP

   continue

      END IF

      IF (HEAT < 0.0 .or. RNET < 0) THEN

          TT(1) = OTEMP

      END IF

! **  K refers to level, K=1 being the surface.

      IF (TIME == 0) THEN

       DO 5 I = 1 , NLVL1

        TE(I) = TT(I)

    5  CONTINUE

      END IF

! **  TT is at time N, TE is at time N-1, TTT is at time N+1

! **  Here we represent the diffusion term ... see manual for

! **  derivation.

      DO 10 K = 2 , NLVLS

       TERM1 = KAPPA / ( XFUN(K)**2 * DEL**2 )

       TERM2 = ( TT(K+1) - 2 * TE(K) + TT(K-1) ) / DZETA**2

       TERM3 = ( TE(K+1) - TT(K-1) ) / 2 * DZETA

       DTDT(K) = TERM1 * ( TERM2 - TERM3 )

        IF (TIME == 0) THEN

! **  Initial computation of TT(K) and redefinition for the future.

         TTT(K) = TE(K) + DELTA * DTDT(K)

         TT(K) = TTT(K)

       ELSE

! **  Computation of TTT(K) via leapfrog rule, along with redefinition

! **  for the future.

        TTT(K) = TE(K) + 2 * DELTA * DTDT(K)

        TE(K) = TT(K)

        TT(K) = TTT(K)

       END IF

   10 CONTINUE

 if (ptime == 16) then

 dummy = 1

 endif

! **  Skip the substrate water component if WMAX > 1.

      IF (WMAX > 1) THEN

       W2G = 99.99

       WGG = 99.99

      ELSE

         CALL WATER (TIME,BareEvapFlux,WATERWIN)

      END IF

      RETURN

      END


******************************  File bri.f90  ******************************

subroutine  BRI (MONCE,PSIHNEW,YCOUNT,ZTEN)

  use simsphere_mod

  implicit none

!  Subroutine BRI computes the M-O-L when BRI is (+) and less than

!  .2 using the Blackadar model.

  integer :: MONCE, DT, I

  real :: T2, PSIHNEW, YCOUNT, ZTEN

  real :: A, Z1, B

  real :: ANEW, BNEW, CNEW, DNEW

  real :: Pot_S, WG1, CR1, TDIF, RADCOR, TSURF, USTAR1

  real :: ZtenOVERL, ZOVERL, PSImzten, PSIMNEW

  integer :: icnt

! Code altered 5th May 1992 ... transfer from Vel.for.

  real :: MOL1

!      INCLUDE 'modvars.h'

!  The following are constants.  See manual for explanation.

  DATA A,DT,Z1,B /8.3E-4,90,1.0,0.2/

  DATA ANEW,BNEW,CNEW,DNEW /1.0,0.667,5.0,0.35/

! DATA PHIM /  0 /

!  ZAN is the night-time surface depth and is input in START.

!  ZAN is simply ZA @ night.

  IF (YCOUNT <= 0 .and. IFIRST == 0) THEN

    ! Nighttime setup (YCOUNT <= 0)

!       MOL = 10E5

    TSTAR = 0

    T(1) = APTEMP

    T1 = TSCREN

    IFIRST = 1

  elseif (ycount >= 1 .and. ifirst == 1) then

! Start the surface temp at some nominal value.

    ! Daytime setup (YCOUNT >= 1)

    otemp = atemp

    T1 = ATEMP - 1

    TSTAR = 0

    do I=1,46

      T(I) = t_fine(i)

      U(I) = u_fine(i)

      V(I) = v_fine(i)

      QN(I) = q_fine(i)

    end do

    IFIRST = 2

  end if

!     Surface Potential Temperature

  Pot_S = t1 + Tdif_s

! **  Calc the windspeed at the first level and the Critical Richardson

! **  Number.

  WG1 = SQRT( UG(1)**2 + VG(1)**2 )

  CR1 = ( EXP( -0.2129 * WG1 ) * 0.5542 ) + 0.2

  ! **  Mitre the night-time loop; cycle through twice (120s).

  icnt = 2

  do while ( icnt > 0 )

    icnt = icnt - 1

    TDIF = ABS( T(1) - Pot_S )

  ! **  Calc the Bulk Richardson number using the Blackadar scheme along

  ! **  with the paramteristation for dO/dt.

    Atemp = T(1) - Tdif_50

    RADCOR = A * ( OTEMP - T1 ) - RAD

  !      TDIF = ABS( T(1) - T1 )

    TSURF = T1 - TSTAR * ALOG( Z1 / ZO )

    BULK = ( (T(1) - Pot_S) * GRAV * ZA ) / ( OTEMP * AWIND**2 )

  ! **  Now use this to determine the stability criteria and execute the

  ! **  the appropriate physics.

    IF (TDIF < 0.05) THEN

  !     .... Soln Sequence Neutral ....

      TSTAR = (T(1)-Pot_S)/ALOG(ZA/Z1)

      USTAR1 = KARMAN * AWIND /  ALOG ( ZA / ZO )

      USTAR = (USTAR1 + USTAR) / 2

      HEAT = - KARMAN * DENS * CP * USTAR * TSTAR

      UTEN =  USTAR / KARMAN * ( ALOG( ZTEN / ZO))

    ELSE IF (BULK < 0) THEN

  !      .... Soln Sequence Unstable ....

  ! **   On entering this routine the MOL will be positive which will

  ! **   result in a domain error.  Hence restrain MOL first time through.

  !       IF ( MOL >= 0 ) MOL = -1.E5

  !       X = ( 1 - 16 * ( ZA / MOL ) )**( -0.25 )

  !       PHIH = 2 * ALOG( ( 1 + X**2 ) / 2 )

  !       PHIM = ( PHIH + 3.1416 ) / 2 + 2 * ALOG( ( 1 + X ) / 2 ) - 2

  !     #        * ATAN( X )

  !       MOL1 = BULK / ZA * ( ( ALOG( ZA / Z1 ) - PHIM )**2 ) /

  !     #        ( ALOG( ZA / Z1 ) - PHIH )

  !       MOL = 1 / MOL1

  !       MOL = 1e5

      USTAR = KARMAN * AWIND / ( ALOG( ZA / ZO ) )

      TSTAR = (T(1) - Pot_S) / ( ALOG( ZA / Z1 ) )

      HEAT = -KARMAN * DENS * CP * USTAR * TSTAR

      UTEN   = USTAR / KARMAN * ( ALOG( ZTEN / ZO))

    ELSE IF (BULK > 0 .and. BULK < CR1) THEN

  !      .... Soln Sequence Stable Turbulent ....

      MOL1 = ( 1 / ZA ) * ALOG( ZA / ZO ) * ( BULK / ( 5 * ( CR1 - BULK ) ) )

      MOL =  1 / MOL1

      ZtenOVERL = zten / MOL

      PSImzten = ANEW * ZtenOVERL + BNEW * (ZtenOVERL - CNEW / DNEW) *    &

                 EXP ( - DNEW * ZtenOVERL) + BNEW * CNEW / DNEW

  ! PSIHzten  =  (1.0 + 0.6667 * ANEW * ZtenOVERL)**1.5 + BNEW *

  !     &    ( ZtenOVERL - CNEW / DNEW) * EXP ( - DNEW * ZtenOVERL) +

  !     &    BNEW * CNEW / DNEW - 1.0

  !       ZrefOVERL = reflev / mol

  ! PSIMref = ANEW * ZrefOVERL + BNEW * (ZrefOVERL - CNEW / DNEW) *

  ! & EXP ( - DNEW * ZrefOVERL) + BNEW * CNEW / DNEW

  !    PSIHref = (1.0 + 0.6667 * ANEW * ZrefOVERL)**1.5 + BNEW *

  ! & ( ZrefOVERL - CNEW / DNEW) * EXP ( - DNEW * ZrefOVERL) +

  ! &    BNEW * CNEW / DNEW - 1.0

  ! USCRN  =  USTAR / KARMAN * ( ALOG ( REFLEV / ZO ) + psimref )

  ! Compute the Static Stability Correction

      ZOVERL  = ZA / MOL

      PSIMNEW = ANEW * ZOVERL + BNEW * (ZOVERL - CNEW / DNEW)*            & 

                EXP(-DNEW * ZOVERL) + BNEW * CNEW / DNEW

      PSIHNEW = (1 + 0.6667 * ANEW * ZOVERL)**1.5 + BNEW *                &

                (ZOVERL - CNEW / DNEW) * EXP(-DNEW * ZOVERL) +            &

                BNEW * CNEW / DNEW - 1

      TSTAR = (T(1) - Pot_S) / ( ALOG( ZA / Z1 ) + PSIHNEW)

      USTAR1 = KARMAN * AWIND / ( ALOG( ZA / ZO ) + PSIMNEW)

      USTAR = ( USTAR1 + USTAR) / 2

      HEAT = -KARMAN * DENS * CP * USTAR * TSTAR

      UTEN   =  USTAR / KARMAN * ( ALOG( ZTEN / ZO ) + psimzten )

    else

  ! .... Soln Sequence Stable Non - Turbulent ....

      HEAT = - 0.001

      ! Avoid underflow

      IF( USTAR < 1E-4 ) USTAR = 0.0

      USTAR = USTAR / 2

      ! Avoid underflow

      IF( UTEN < 1E-4 ) UTEN = 0.0

      UTEN = UTEN / 2

    end if

    IF (USTAR < 0.01) USTAR = 0.01

    T2 = T1 + DT * ( RADCOR + ADVGT - B * HEAT / (CP * DENS * Z1))

    T1 = ( T1 + T2 )/ 2.0

    T1 = T1 - 0.017

  end do

! **  Call MOM to calculate the night-time vertical profiles of

! **  temperature and winds.

  if (YCOUNT >= 1) then

    CALL MOM (Pot_S, DT, MONCE)

  end if

  return

end


******************************  File calc.f90  ******************************

SUBROUTINE  CALC (OLDTMP, No_Rows)

  use simsphere_mod, only: xlat, xlong, degs_to_radians, rot_rate_earth, &

                           timend, strtim, outtt, atemp, otemp, tscren,  &

                           t, frveg, cf

  implicit none

  integer :: No_Rows

  real :: Lat_in_radians

!  integer K

  real :: OLDTMP, DECTIM, out_time_intv

! Nobody would assume these days that a decimal lat/lon refers to

! degrees and minutes (e.g. 39.25 N is 39 degrees, 25 minutes), so

! I'm removing the below statements to leave the interpretation as

! decimal degrees of latitude and longitude.  A.A.P.  20190926

!  K = XLAT

!  XLAT= (XLAT-K) / 0.6 + K

!  K = XLONG

!  XLONG = (XLONG-K) / 0.6 + K

! Convert Lat to radians, calc Coriolis force.

  Lat_in_radians = XLAT * Degs_To_Radians

  CF = 2 * rot_rate_earth * SIN(Lat_in_radians)

! Time conversions

  TIMEND = DECTIM(TIMEND) ! Convert to Decimal time

  STRTIM = DECTIM(STRTIM)

!  out_time_intv = outtt / 60

  outtt = dectim(outtt)

  out_time_intv = outtt

! Not needed with dectim(outtt) call -TJC

!  out_time_intv = dectim(out_time_intv)

  No_Rows = INT(((Timend - strtim)) / out_time_intv) + 1 

! Store and initialize temperatures

  OLDTMP = ATEMP

  t(1) = Atemp + 0.5

  OTEMP = TSCREN - 2

  FRVEG  = FRVEG / 100  ! Vegetation % as a fraction

  return

end

real pure function dectim(t)

  implicit none

! Converts time formatted as "HHMM" (2-digit hours and 2-digit minutes) to decimal seconds

  real, intent(in) :: t

  real :: hour, minute

  minute = modulo(t,100.0)

  hour = (t - minute)/100.0

  dectim = ( hour + (minute/60.0) ) * 3600

end function dectim


******************************  File canres.f90  ******************************

subroutine  CANRES

  use simsphere_mod

  implicit none

  real :: RCBS=0.0, CELL1=0.0, CELL2=0.0, CELL3=0.0, QSTVEG=0.0

  real :: EPOTV=0.0, EMP=0.0, RCP=0.0

!      INCLUDE 'modvars.h'

  EMBAR =  9999

  RESIST = 9999

  IF (F > 0.)  THEN

!      SUBROUTINE COMPUTES CANOPY RESISTANCE (RESIST)

!      AND MOISTURE AVAILABILITY (EMBAR)

!      FOR TOTAL VEGETATION AND BARE SOIL CANOPY

!         ***** RESISTANCES CONVERTED TO CGS (S CM-1) *****

    RCBS = (SUMW - F*SUMW)/F

!       RCBS IS CANOPY RESISTANCE FOR BARE SOIL

    IF(XLEF /= 0 .AND. CHA /= 0 .AND. OSHUM /= QD(1)) THEN

      CELL1 = (1./CHA + RZASCR)

      QSTVEG = 10**( 6.1989 - ( 2353. / OTEMP ) )

      CELL2 = (QSTVEG - QD(1))

      CELL3 = DENS*LE

!    EMP IS MOISTURE AVAILABILITY FOR VEGETATION CANOPY

!    EPOTV IS POTENTIAL EVAPORATION OVER VEGETATION

!    RCP IS THE CANOPY RESISTANCE FOR VEGETATION

      EPOTV = CELL3*CELL2/CELL1

      EMP  = XLEF/EPOTV

      RCP = (CELL1 - EMP*CELL1)/EMP

      RESIST = RCP*FRVEG   +  RCBS*(1.0 - FRVEG)

!     WEIGHT TOTAL CANOPY RESISTANCE, MAVAIL BY VEG FRACTION

      EMBAR = EMP*FRVEG + F*(1.0 - FRVEG)

    end if

  end if

  return

end


******************************  File capac.f90  ******************************

subroutine Capac (Unscaled_RAF,H,B1_P,B2_P,vfl2, sgma)

  use simsphere_mod

  implicit none

!       INCLUDE 'modvars.h'

  real :: IXCAP

  integer :: NCAP, IDEL, JDEL, CAPRAT, ITRAP=0

  real :: capini, ZADD, FPM, ZUH, Unscaled_RAF, B1_P, B2_P, vfl2 , H

  real :: VOLISO, RSTDIV, ADDIT, AROOT, BROOT, CROOT, ACTSQRT

  real :: PES, VOLRMO, SGMA

  ZADD = ZG + ZP * FRZP

  FPM = 1 - FRHGT

  ZUH = ZP * (1-FRZP)

! **  below there are two solutions for psist. The first is the

! **  log, while the second is a regular integral based on volume

! **  to a power.  There are also two similar solutions for zst

! **  and capacitance.

! **  Note also that psist, psist and psix are a time step behind because

! **  psist is not allowed to exceed psix of the previous time

! **  step (psix is a function of psis).

! **  There are also to ways to set the volume of water in

! **  storage. If xcap is set equal to zero, then volist storage is a

! **  function of psig. If not, it is a function of xcap or

! **  relative water content

   IF (JCAP == 1) THEN

     NCAP = RCCAP

     IDEL = 0

     JDEL = 0

     PSIX = PSIG - FRHGT * H

     IXCAP = VOLREL

     VOLREL = .01 * VOLREL

     CAPINI = VOLINI / RKOCAP

     JCAP = 2

     IF (eq(IXCAP,0.0)) THEN

        IF (NCAP == 1) THEN

          VOLIST = VOLINI * EXP ( CAPINI * (PSIG - FRHGT * H)            &

                   / VOLINI )

          CAPACI = CAPINI * ( VOLIST ) / VOLINI

        else IF (NCAP /= 1) THEN

          CAPRAT =  (RCCAP - 1)/ RCCAP

          VOLIST = VOLINI * ( 1 + CAPINI * (PSIG - FRHGT * H)            &

                   * CAPRAT / VOLINI ) ** ( 1 / CAPRAT )

          CAPACI = CAPINI * ( ( VOLIST ) / VOLINI ) **                   &

                   ( 1 / RCCAP )

        end if

! ** It is possible that the volist will be calculated as being

! ** less than zero.  This is impossible.  Therefore, we set:

      IF (VOLIST < 0) THEN

        VOLIST = .00001*VOLINI

        VOLRMV = .99999*VOLINI

      end if

    else

      VOLIST = VOLREL * VOLINI

      VOLISO = VOLIST

      IF (NCAP == 1) THEN

        CAPACI = CAPINI * VOLREL

      else IF (NCAP /= 1) THEN

        CAPRAT =  (RCCAP - 1)/ RCCAP

        CAPACI = CAPINI * ( VOLREL ) ** ( 1 / RCCAP )

      end if

    end if

  end if

  VOLREL = VOLIST / VOLINI

  IF (NCAP == 1) THEN

     PSIST = ( VOLINI / CAPINI ) * LOG ( VOLREL )

     CAPACI = CAPINI * ( VOLIST ) / VOLINI

  ELSE

     PSIST = (VOLINI/CAPINI) * ( VOLREL ** CAPRAT - 1 ) * (RCCAP /( RCCAP - 1 ) )

 ! **  THIS IF STATEMENT IS IN PLACE OF VOLUME CONSTRAINTS

     IF (PSIST >= 0) THEN

       PSIST = 0

     END IF

 ! **  The following if statement causes psist to fall as volume

 ! **  approaches zero (the above equation reaches a limit).

 ! **  (ITRAP is defined below to prevent the loop from being

 ! **   exercised on the first time step.)

 ! **   The next statement prevents psist from becoming more

 ! positive then psig

     IF (ITRAP == 1 .and. eq(DELTVST,0.0)) THEN

       PSIST = PSIX

     END IF

     CAPACI = CAPINI * ( VOLREL ) ** ( 1 / RCCAP)

   END IF

  IF (NCAP == 1) THEN

    ZST = ZSTINI / VOLREL

  ELSE IF (NCAP /= 1) THEN

    ZST = ZSTINI * ( 1./VOLREL ) ** ( RZCAP )

  END IF

! **  The following if statement prevents zst from becoming very

!**   large.

  IF (ZST > 1E3) THEN

    ZST = 1E3

  END IF

! **  The following if statements prevent psist from exceeding

! **  psix during a time interval

  IF (DELTVST < 0 .and. PSIST < PSIX) THEN

    PSIST = PSIX

  ELSE IF (DELTVST > 0 .and. PSIST > PSIX) THEN

    PSIST = PSIX

  END IF

  RSTDIV = Unscaled_RAF + ( RCUT * RSCRIT ) / ( RCUT + RSCRIT )

! **  we need to compare psig to psigc before proceeding

! **  we can determine this by solving for psig given various

! **  parameters.

! **   ADDIT  is an additional term that incorporates storage flux.

  ADDIT = 1 + ZUH / ZADD + ZUH / ZST

!**    define a critical water potential. As the flux

! **   from storage approaches zero, it approaches that of

! **   the soil.

  PSIWC =  SGMA * VFL * ZUH / RSTDIV + PSICE + beta * vfl2 + FPM * H

  PSISUP = PSIX

  IF (PSISUP > PSIWC) THEN

    AROOT = FS * FT * b1_p * (RCUT + Unscaled_RAF) * ( ZST * (-1) - ZADD )

    BROOT = FS * FT * (RCUT + Unscaled_RAF) * ( RMIN *                  &

            ( - ZST - ZADD ) + b1_p * ( ZST * ( PSIG - BETA *           &

            vfl2 - H ) + ZADD * (PSIST - beta * vfl2 - FPM * H )        &

            - ZADD * ZST * SGMA * VFL * ADDIT /                         &

            ( RCUT + Unscaled_RAF) ) ) + RCUT * Unscaled_RAF * ( - ZST - ZADD )

    CROOT = FS * FT * (RCUT + Unscaled_RAF) * ( RMIN * ( ZST            &

            * (PSIG - beta * vfl2 - H ) + ZADD * ( PSIST                &

            - beta * vfl2 - FPM * H )                                   &

            - ZADD * ZST * SGMA * VFL * ADDIT / (RCUT + Unscaled_RAF)   &

            ) )                                                         &

            + RCUT * Unscaled_RAF * ( ZST * (PSIG - beta * vfl2 - H )   &

            + ZADD * ( PSIST - beta * vfl2 - FPM * H ) )                &

            - RCUT * ZADD * ZST * SGMA * VFL * ADDIT

  ELSE

    AROOT = FS * FT * b2_p * ( RCUT + Unscaled_RAF ) * ( ZST + ZADD )

    BROOT = FS * FT *  ( RCUT + Unscaled_RAF ) * ( ( RMIN               &

            + b1_p * PSICE + b2_p * PSICE) * ( -ZST - ZADD )            &

            - b2_p * ( ZST * (PSIG - beta * vfl2 - H )                  &

            + ZADD * ( PSIST - beta * vfl2 - FPM * H )                  &

            - ZADD * ZST * SGMA * VFL * ADDIT /                         &

            (RCUT + Unscaled_RAF) ) )                                   &

            + RCUT * Unscaled_RAF * ( - ZST - ZADD )                    

    CROOT = FS * FT* (RCUT + Unscaled_RAF) * ( RMIN + b1_p * PSICE      &

            + b2_p * PSICE ) * ( ZST * (PSIG - beta * vfl2 - H )        &

            + ZADD * (PSIST - beta * vfl2 - FPM * H )                   &

            - ZADD * ZST * SGMA * VFL * ADDIT /(RCUT + Unscaled_RAF))   &

            + RCUT * Unscaled_RAF * ( ZST * ( PSIG - beta * vfl2 - H)   &

            + ZADD * (PSIST - beta * vfl2 - FPM * H ) )                 &

            - RCUT * ZADD * ZST * SGMA * VFL * ADDIT

  END IF

  ACTSQRT  = BROOT ** 2 - 4 * AROOT * CROOT

  PSIE = ( -BROOT - SQRT ( ACTSQRT ) ) / (2 * AROOT )

  RS = stomrs(ft,tf,rmin,mintemp,maxtemp,psisup,psiwc,b1,b2,psie,psice,fs)

! * * STRESS INDICES

  PSIM = PSIE + beta * vfl2

  PES = XLAI/2 + 1

  RLELF = SGMA * VFL / (RS*RCUT/(RS + RCUT) + Unscaled_RAF)

  PSIX = RLELF  * ZUH + PSIM + FPM * H

  FST = -( PSIST - PSIX ) / ZST

  DELTVST = -DELTA * ( PSIST - PSIX ) / (ZST * LE * RHOW )

  FLUXGD = ( PSIG - PSIX - FRHGT * H ) / ZADD

  VOLRMO = VOLRMV

  VOLIST = VOLIST + DELTVST

  VOLRMV = VOLINI - VOLIST

! **   the following if statements prevent the volume in

! **   storage from becoming negative.

  IF (VOLRMV < VOLINI .and. DELTVST <= 0) THEN

    IF (IDEL == 0) THEN

      DELTVST = (VOLINI - VOLRMO)

      IDEL = 1

    ELSE

      DELTVST = 0.0

      ITRAP = 1

    END IF

    VOLRMV = .99999*VOLINI

    VOLIST = .00001*VOLINI

  END IF

  return

end


******************************  File co2flx.f90  ******************************

subroutine  CO2FLX

  use simsphere_mod, only: ustar, uten, uaf, xlai, rzascr, rst, fco2, co, ci, &

                           frveg, ccan, raf

  implicit none

  real :: CHAX, PEX, RAIR, RROE, RAFCANOPY, RRTOT

!       INCLUDE 'modvars.h'

!      created 11/2/90; MODIFIED 06/17/91

!      CI =  120. suggested value for c4 plants

!      CI =  210  suggested value for c3 plants

!      CO =  330  50 m above the canopy

  CHAX = USTAR**2 / ( UTEN - UAF )

  PEX  = ( XLAI / 2.0 ) + 1.

  RAIR =  1.0 / CHAX + RZASCR

  RROE =  1.83

  RAFCANOPY = RAF * PEX / XLAI

!    RAFCANOPY IS RAF SCALED FOR XLAI TO A CANOPY

!    RROE IS DENSITY OF PURE CARBON DIOXIDE (KG M-3) AT 20 C

!    SUBROUTINE COMPUTES CARBON DIOXIDE FLUXES

!    WE FOLLOW CLOSELY GOUDRIAAN'S BOOK, CHAPTER 3

!      (CROP MICROMETEOROLOGY:  A SIMULATION STUDY; 1977)

!    CI IS INTERNAL CO2 CONCENTRATION IN LEAF

!      (120 VPM FOR C4 PLANT (CORN); 220 FOR C3 PLANT (BEANS))

!      - CO IS AMBIENT CO2 CONCENTRATION ABOVE CANOPY - - 330 VPM

!    MULTIPLY CONCENTRATIONS BY 10-6 TO GET FRACTIONAL AMOUNT

!   RESISTANCES FOR STOMATAL RESISTANCE (RST)

!                   LEAF BOUNDARY LAYER (RAF)

!                   TOP OF CANOPY (1/CHAX) TO 2 METERS

!                   SCREEN LEVEL (2 M) TO 50 METERS (RZASCR)

!   LEAF BOUNDARY LAYER RESISTANCE RAF CORRECTED FOR CO2 MOLECULAR

!                   DIFFUSIVITY  (S M-1): FACTOR OF 1.32

!   STOMATAL RESISTANCE CORRECTED FOR CO2 DIFFUSIVITY (FACTOR OF 1.66)

!          CALCULATE FLUX OF CO2 TO ENVIRONMENT

!          FACTORS 1.32 AND 1.66 ADJUST VALUES FROM H20 TO CO2.

  RRTOT = 1.32 * RAFCANOPY + 1.66*RST + RAIR

  FCO2 = RROE * ( CO - CI )  / RRTOT

  FCO2 = (FCO2 * FRVEG) / 0.044 ! In moles/m2/s

!

!      CALCULATE CO2 FLUX IN CANOPY FCO2; ADJUST FOR

!         PARTIAL VEGETATION FRACTION FRVEG

!      UNITS OF FLUX  (FCO2) ARE KG (CO2) PER METER SQUARED PER SECOND

!         IN CONCENTRATION (CCAM)  PARTS VOLUME PER MILLION (VPM)

!         **** NOTE SOME PAPERS LIST CO2 FLUX IN MOLES PER M2 PER S ****

!

!         *****    ONE MOLE OF CO2 IS 46 GRAMS    *****

  CCAN  =  CO - ( CO - CI ) * RAIR * FRVEG / RRTOT

!      CALCULATE CO2 CONCENTRATION JUST INSIDE CANOPY - - CCAN

  return

end


******************************  File config_gen.f90  ******************************

program sim_input_gen
  use,intrinsic :: iso_fortran_env, only: wp => real64
  use json_module
  implicit none

  type(json_core) :: json
  type(json_value), pointer :: p, inp, met, soil, veg, wind, time
  type(json_value), pointer :: temp_snd, wind_snd

  ! initialize the class
  call json%initialize(compact_reals=.true., real_format='*')

  ! initialize the structure:
  call json%create_object(p,'')

  ! add an "inputs" object to the structure:
  call json%create_object(inp,'inputs')
  call json%add(p, inp) !add it to the root

  ! Uncategorized inputs
  !call json%add(inp, 'nobs_ptq', 12)
  !call json%add(inp, 'nobs_wind', 11)

  ! Meteorological inputs
  call json%create_object(met, 'meteorological')
  call json%add(inp, met)
  call json%add(met, 'omega', 3.13_wp)
  call json%add(met, 'zo', 0.2_wp)
  call json%add(met, 'obst_hgt', 1)
  call json%add(met, 'cloud_flag', .false.)
  call json%add(met, 'cld_fract', 0.0)

  ! Soil inputs
  call json%create_object(soil,'soil')
  call json%add(inp, soil)
  call json%add(soil, 'f', 0.5_wp)
  call json%add(soil, 'fsub', 0.75_wp)
  call json%add(soil, 'wmax', 0.34_wp)
  call json%add(soil, 'btemp', 24.63_wp)
  call json%add(soil, 'tp', 13)
  call json%add(soil, 'dual_ti', 'N')
  call json%add(soil, 'ti_a', 12.0_wp)
  call json%add(soil, 'ti_b', 12.0_wp)
  call json%add(soil, 'albg', 0.1_wp)
  call json%add(soil, 'epsi', 0.96_wp)
  call json%add(soil, 'index_soils', 5)
  call json%add(soil, 'albedo_gflag', 'F')

  ! Time and location inputs
  call json%create_object(time, 'time_location')
  call json%add(inp, time)
  call json%add(time, 'year', 89)
  call json%add(time, 'month', 8)
  call json%add(time, 'day', 4)
  call json%add(time, 'tz', 6)
  call json%add(time, 'xlat', 39.25_wp)
  call json%add(time, 'xlong', 96.34_wp)
  call json%add(time, 'strtim', 0530)
  call json%add(time, 'timend', 2330)
  call json%add(time, 'outtt', 30)
  call json%add(time, 'slope', 0)
  call json%add(time, 'aspect', 0)
  call json%add(time, 'station_height', 0.886_wp)

  ! Vegetation inputs
  call json%create_object(veg, 'vegetation')
  call json%add(inp, veg)
  call json%add(veg, 'frveg', 50)
  call json%add(veg, 'xlai', 7)
  call json%add(veg, 'epsf', 0.96_wp)
  call json%add(veg, 'albedo_fflag', 'N')
  call json%add(veg, 'albf', 0.1_wp)
  call json%add(veg, 'stmtype', 'L')
  call json%add(veg, 'index_veggies', 4)
  call json%add(veg, 'volrel', 10)
  call json%add(veg, 'rmin', 150)
  call json%add(veg, 'rcut', 1000)
  call json%add(veg, 'wilt', 0.08_wp)
  call json%add(veg, 'vegheight', 2.0_wp)
  call json%add(veg, 'width', 0.12_wp)
  call json%add(veg, 'steady', 'Y')
  call json%add(veg, 'ci', 300)
  call json%add(veg, 'co', 330)
  call json%add(veg, 'coz_sfc', 0)
  call json%add(veg, 'coz_air', 0.08_wp)

  ! Wind inputs
  call json%create_object(wind, 'wind')
  call json%add(inp,wind)
  call json%add(wind, 'ugs', 4.649_wp)
  call json%add(wind, 'vgs', 8.445_wp)

  ! Temperature sounding
  call json%create_object(temp_snd, 'temp_sounding')
  call json%add(inp,temp_snd)
  call json%add(temp_snd, 'ps', [967,949,900,850,700,677,628,612,606,530,460,250])
  call json%add(temp_snd, 'ts', [24,24,23,24,11,9,4,2,2,-7,-10,-40])
  call json%add(temp_snd, 'dep', [5,5,3,8,7,11,6,7,15,17,30,30])

  ! Wind sounding
  call json%create_object(wind_snd, 'wind_sounding')
  call json%add(inp, wind_snd)
  call json%add(wind_snd, 'dd0', [180,185,225,240,225,215,230,240,245,255,195])
  call json%add(wind_snd, 'ff0', [7,10,35,25,15,15,30,25,44,43,14])
  call json%add(wind_snd, 'zh', [0,1,3,5,7,9,14,20,30,41,54])
  nullify(inp)  !don't need this anymore

  ! write the file:
  call json%print(p,'i_model.json')

  !cleanup:
  call json%destroy(p)
  if (json%failed()) stop 1

end program sim_input_gen

******************************  File config_mod.f90  ******************************

module config_mod
  use, intrinsic :: iso_fortran_env, only: real64, error_unit
  use json_module
  implicit none

  private
  public :: load_config
  public :: t_met, t_veg, t_wind, t_soil, t_temp, t_windsnd, t_timeloc

! config_mod provides data structures and subroutines to read data from the 
! model configuration file and initialize variables to default values.  Data 
! are stored in a JSON file.

! Data structures are per categories in the sample input document, 
! https://simsphere.ems.psu.edu/assets/downloads/Part%20IV;%20model%20input%20parameters.xls
!  t_met: Meteorological 
!  t_timeloc: Time and Location
!  t_veg: Vegetation
!  t_soil: Soil
!  t_wind: Geostrophic wind components
!  t_temp: Temperature sounding
!  t_windsnd: Wind sounding

  type t_met
    real(kind=real64) :: omega, zo, obst_hgt
    real(kind=real64) :: cld_fract     ! Tenths of cloud cover
    logical :: cloud_flag
  end type t_met

  type t_timeloc
    integer :: year, month, day, tz
    real(kind=real64) :: xlat, xlong
    real(kind=real64) :: strtim, timend, outtt
    real(kind=real64) :: slope, aspect, station_height
  end type t_timeloc

  type t_veg
    real(kind=real64) :: frveg, xlai, epsf, albf, volrel
    real(kind=real64) :: rmin, rcut, wilt, vegheight, width
    real(kind=real64) :: ci, co, coz_sfc, coz_air
    character(len=:), allocatable :: albedo_fflag, stmtype, steady
    integer :: index_veggies
  end type t_veg

  type t_wind
    real(kind=real64) :: ugs, vgs
    integer :: num_obs
  end type t_wind

  type t_soil
    real(kind=real64) :: f, fsub, wmax, btemp, tp, albg, epsi
    real(kind=real64) :: ti_a, ti_b
    character(len=:), allocatable :: dual_ti, albedo_gflag
    integer :: index_soils
  end type t_soil

  type t_temp
    real(kind=real64), dimension(:), allocatable :: ps, ts, dep
  end type t_temp

  type t_windsnd
    real(kind=real64), dimension(:), allocatable :: dd0, ff0, zh
    real(kind=real64) :: thick
    integer :: num_obs
  end type t_windsnd

contains

  subroutine init_json(json)
    integer :: error_cnt
    type(json_file) :: json

    error_cnt = 0
    call json%initialize(compact_reals=.true.)
    if (json%failed()) then
      call json%print_error_message(error_unit)
      error_cnt = error_cnt + 1
    end if
  
    return
  end subroutine init_json

  subroutine destroy_json(json)
    type(json_file) :: json

    call json%destroy()
    if (json%failed()) stop 1
    return
  end subroutine destroy_json 

  subroutine load_config(file, met, timeloc, veg, wind, soil, temp, windsnd)
    type(json_file) :: json
    type(t_met) :: met
    type(t_timeloc) :: timeloc
    type(t_veg) :: veg
    type(t_wind) :: wind
    type(t_soil) :: soil
    type(t_temp) :: temp
    type(t_windsnd) :: windsnd
    logical :: found, namelist_style
    integer :: error_cnt

    character(len=:),allocatable :: file
    character(len=6), parameter :: root = 'inputs'
    character(len=20) :: path

    call init_json(json)

    error_cnt = 0
    call json%load_file(filename = file)
    if (json%failed()) then
      call json%print_error_message(error_unit)
      error_cnt = error_cnt + 1
    end if

    found = .false.
    namelist_style = .true.

    ! Load data structures: met, veg, wind, soil, temp_snd, wind_snd

    ! Meteorological
    path = '.meteorological'
    call json%get(root//path//'.omega',met%omega,found)
    if (.not. found) stop 1
    call json%get(root//path//'.zo',met%zo,found)
    if (.not. found) stop 1
    call json%get(root//path//'.obst_hgt',met%obst_hgt,found)
    if (.not. found) stop 1
    call json%get(root//path//'.cld_fract',met%cld_fract,found)
    if (.not. found) stop 1
    call json%get(root//path//'.cloud_flag',met%cloud_flag,found)
    if (.not. found) stop 1
  
    ! Time and Location
    path = '.time_location'
    call json%get(root//path//'.year',timeloc%year, found)
    if (.not. found) stop 1
    call json%get(root//path//'.month',timeloc%month, found)
    if (.not. found) stop 1
    call json%get(root//path//'.day',timeloc%day, found)
    if (.not. found) stop 1
    call json%get(root//path//'.tz',timeloc%tz, found)
    if (.not. found) stop 1
    call json%get(root//path//'.xlat',timeloc%xlat, found)
    if (.not. found) stop 1
    call json%get(root//path//'.xlong',timeloc%xlong, found)
    if (.not. found) stop 1
    call json%get(root//path//'.strtim',timeloc%strtim, found)
    if (.not. found) stop 1
    call json%get(root//path//'.timend',timeloc%timend, found)
    if (.not. found) stop 1
    call json%get(root//path//'.outtt',timeloc%outtt, found)
    if (.not. found) stop 1
    call json%get(root//path//'.slope',timeloc%slope, found)
    if (.not. found) stop 1
    call json%get(root//path//'.aspect',timeloc%aspect, found)
    if (.not. found) stop 1
    call json%get(root//path//'.station_height',timeloc%station_height, found)
    if (.not. found) stop 1
  
    ! Vegetation
    path = '.vegetation'
    call json%get(root//path//'.frveg',veg%frveg, found)
    if (.not. found) stop 1
    call json%get(root//path//'.xlai',veg%xlai, found)
    if (.not. found) stop 1
    call json%get(root//path//'.epsf',veg%epsf, found)
    if (.not. found) stop 1
    call json%get(root//path//'.albf',veg%albf, found)
    if (.not. found) stop 1
    call json%get(root//path//'.volrel',veg%volrel, found)
    if (.not. found) stop 1
    call json%get(root//path//'.rmin',veg%rmin, found)
    if (.not. found) stop 1
    call json%get(root//path//'.rcut',veg%rcut, found)
    if (.not. found) stop 1
    call json%get(root//path//'.wilt',veg%wilt, found)
    if (.not. found) stop 1
    call json%get(root//path//'.vegheight',veg%vegheight, found)
    if (.not. found) stop 1
    call json%get(root//path//'.width',veg%width, found)
    if (.not. found) stop 1
    call json%get(root//path//'.ci',veg%ci, found)
    if (.not. found) stop 1
    call json%get(root//path//'.co',veg%co, found)
    if (.not. found) stop 1
    call json%get(root//path//'.coz_sfc',veg%coz_sfc,

 found)
    if (.not. found) stop 1
    call json%get(root//path//'.coz_air',veg%coz_air, found)
    if (.not. found) stop 1
    call json%get(root//path//'.albedo_fflag',veg%albedo_fflag, found)
    if (.not. found) stop 1
    call json%get(root//path//'.stmtype',veg%stmtype, found)
    if (.not. found) stop 1
    call json%get(root//path//'.steady',veg%steady, found)
    if (.not. found) stop 1
    call json%get(root//path//'.index_veggies',veg%index_veggies, found)
    if (.not. found) stop 1
  
    ! Wind
    path = '.wind'
    call json%get(root//path//'.ugs',wind%ugs, found)
    if (.not. found) stop 1
    call json%get(root//path//'.vgs',wind%vgs, found)
    if (.not. found) stop 1
!    call json%get(root//'.nobs_wind',wind%num_obs, found)
!    if (.not. found) stop 1
  
    ! Soil
    path = '.soil'
    call json%get(root//path//'.f',soil%f, found)
    if (.not. found) stop 1
    call json%get(root//path//'.fsub',soil%fsub, found)
    if (.not. found) stop 1
    call json%get(root//path//'.wmax',soil%wmax, found)
    if (.not. found) stop 1
    call json%get(root//path//'.btemp',soil%btemp, found)
    if (.not. found) stop 1
    call json%get(root//path//'.tp',soil%tp, found)
    if (.not. found) stop 1
    call json%get(root//path//'.albg',soil%albg, found)
    if (.not. found) stop 1
    call json%get(root//path//'.epsi',soil%epsi, found)
    if (.not. found) stop 1
    call json%get(root//path//'.ti_a',soil%ti_a, found)
    if (.not. found) stop 1
    call json%get(root//path//'.ti_b',soil%ti_b, found)
    if (.not. found) stop 1
    call json%get(root//path//'.dual_ti',soil%dual_ti, found)
    if (.not. found) stop 1
    call json%get(root//path//'.albedo_gflag',soil%albedo_gflag, found)
    if (.not. found) stop 1
    call json%get(root//path//'.index_soils',soil%index_soils, found)
    if (.not. found) stop 1
  
    ! Temperature
    path = '.temp_sounding'
    call json%get(root//path//'.ps',temp%ps, found)
    if (.not. found) stop 1
    call json%get(root//path//'.ts',temp%ts, found)
    if (.not. found) stop 1
    call json%get(root//path//'.dep',temp%dep, found)
    if (.not. found) stop 1
  
    ! Wind
    path = '.wind_sounding'
    call json%get(root//path//'.dd0', windsnd%dd0, found)
    if (.not. found) stop 1
    call json%get(root//path//'.ff0', windsnd%ff0, found)
    if (.not. found) stop 1
    call json%get(root//path//'.zh', windsnd%zh, found)
    if (.not. found) stop 1
!    call json%get(root//'.nobs_ptq', windsnd%num_obs, found)
!    if (.not. found) stop 1

    ! Clean up
    call destroy_json(json)
    return
  end subroutine load_config

end module config_mod

******************************  File constants_mod.f90  ******************************

module constants
  implicit none
  private
  public :: vert_spacing, rhow, DELTA, rot_rate_earth, siga, dens, ft, ZA, SIGMA
  public :: LE, KARMAN, GRAV, R, RAD, CP, radian, sdec, Kts_To_Metres
  public :: Ft_To_Metres, Degs_To_Radians, Celsius_to_Kelvin
  public :: f_soil_lut, f_veg_lut, f_precip_lut

  integer, parameter :: vert_spacing = 250
  integer, parameter :: rhow=1000                ! Density of Water
  integer, parameter ::  DELTA = 90

  real, parameter :: rot_rate_earth = 7.27e-5
  real, parameter :: siga = 279.9348
!  real, parameter :: radian = 57.29578
  real, parameter :: dens = 1.1                  ! Density of Air
  real, parameter :: ft = 1.0
  real, parameter :: ZA = 50.0
  real, parameter :: SIGMA = 5.6521E-8
  real, parameter :: LE = 2.5E6
  real, parameter :: KARMAN = 0.4
  real, parameter :: GRAV = 9.78
  real, parameter :: R = 287.5
  real, parameter :: RAD = 1.6E-5
  real, parameter :: CP = 1004.832
  double precision, parameter :: radian = 572957.75913D-4
  double precision, parameter :: sdec = 39784.988432D-5

!    conversion factors (formerly factors.h)
  real, parameter :: Kts_To_Metres = 1.944       ! Knots to ms-1
  real, parameter :: Ft_To_Metres = 3.281        ! Feet to meters
  real, parameter :: Degs_To_Radians = 0.0174533 ! Degrees to Radians
  real, parameter :: Celsius_to_Kelvin = 273.15  ! Celsius to Kelvin

! Data file names
  character(len=1024), parameter :: f_soil_lut = 'data/soils.dat'
  character(len=1024), parameter :: f_veg_lut = 'data/veglut.dat'
  character(len=1024), parameter :: f_precip_lut = 'data/lut.dat'

end module constants

******************************  File daykm.f90  ******************************

subroutine  DAYKM(thick)

  use simsphere_mod

  implicit none

! **  This routine computes eddy diffusivities as a function of height,

! **  friction velocity and Monin Obukhov length for all the relevant

! **  levels in the mixing layer at each time step during the day; using

! **  the method of O'Brien.  Used in MOMDAY.

  real :: KTOP , KMA , KMAPRI , KMW(50)

  real, intent(inout) :: THICK

  real :: RATIO, SIGN

  integer :: I, J, L, M

!      INCLUDE 'modvars.h'

!  COMMON /MXDLYR/ THICK

  THICK = HGT - ZA

! **  If there is no mixing layer skip this routine.

  if ( .not. eq(thick,0.0) ) then

! **  Define or calc eddy diff's (K's) at the top of the surface layer

! **  using the standard flux profile law.  Calculate the derivative

! **  of KMA and define K at the top of the mixing layer to be zero.

    !KMA = KARMAN * USTAR * ZA * ( 1.0 - ( 15.0 * ZA / MOL )**0.25)

    ! This matches the original f77 code:

    KMA = KARMAN * USTAR * ZA * ( 1.0 - ( 15.0 * ZA / MOL ) )**0.25

    KM(1) = KMA

    KMW(1) = KMA

    KMAPRI = KMA * (1.0 / ZA - ( 15.0 / MOL ) / (1.0 - 15.0 * ZA / MOL))

    KTOP = 0.0

! **  Calc heights between the 250 metre intervals (ZI system) as passed

! **  from SPLINE, and call ZK system (Interval 50,175,425 etc).

    M = NTRP + 1

    do I = 2 , M

      ZK(I) = ZI(I) - 0.5 * DELTAZ

    end do

    ZK(1) = ZI(1)

! **  Calc the Eddy Diffusivities for momentum & water up to the top of

! **  the mixing layer using the O'Brien function.  If NRTP goes above

! **  HGT fill with zeros.

    do L = 2 , NTRP

      IF ( ZK(L) < HGT ) THEN

        KM(L) = KTOP + ( ( ZK(L) - HGT)**2 / THICK**2 ) * ( KMA - KTOP +  &

                ( ZK(L) - ZA ) * ( KMAPRI + 2 * ( KMA - KTOP ) / THICK ) )

        KMW(L) = KTOP + ( ( ZI(L) - HGT )**2 / THICK**2 ) * ( KMA - KTOP  &

                 + ( ZI(L) - ZA ) * ( KMAPRI + 2 * ( KMA - KTOP ) / THICK ) )

      ELSE

        KM(L)  = 0

        KMW(L) = 0

      END IF

    end do

! **  Smooth K's as a weighted average.

    do J = 2 , NTRP

      KM(J) = ( KMW(J) + KM(J) + KMW(J-1 ) ) / 3

    end do

! **  No mixing layer exists.

  end if

! **  Format statements

  return

end


******************************  File fine.f90  ******************************

subroutine  FINE

  use simsphere_mod

  implicit none

  integer :: incr, i, j, height

  real :: rlinear

!      INCLUDE 'modvars.h'

  j = 1

  height = 50

  u_fine(1) = ud(1)

  v_fine(1) = vd(1)

  t_fine(1) = td(1)

  q_fine(1) = qd(1)

  do i = 1,9          

    do incr = 1,5

      j = j +1  

      u_fine(j) = rlinear(ud(i+1),ud(i),incr) 

      v_fine(j) = rlinear(vd(i+1),vd(i),incr)

      q_fine(j) = rlinear(qd(i+1),qd(i),incr)

      if (height <= Hgt) then

        t_fine(j) = Aptemp

      else

        t_fine(j) = rlinear(td(i+1),td(i),incr)

      end if

      height = height + 50 

    end do

  end do

! If below top of the mixing layer potential temp = that at 50 metres

! otherwise, average as usual to create fine scale.

  return

end

real function rlinear (top,bot,n)

  real :: top, bot

  integer :: n

  rlinear = bot + (top - bot) * n /  5

end


******************************  File flux.f90  ******************************

subroutine FLUX (BareRadioTemp,VegnRadioTemp,BareEvapFlux, &

  BareHeatFlux,averageinit)

  use simsphere_mod

  implicit none

!  During the day FLUX calc's surface temp and surface specific humidity

!  from temp and humidity at ZA and the sensible & latent heat fluxes.

!  It also computes the updated value of the evaporative flux.

!  During the night it calls GTEMP to calc the temp in the absence of

!  turbulence.

  real :: BareRadioTemp,VegnRadioTemp,MixedRadioTemp

  real :: BareEvapFlux,VegnEvapFlux,MixedEvapFlux

  real :: BareHeatFlux

  real :: Evap_Smooth

  integer :: averageinit

!      INCLUDE 'modvars.h'

!  We calculate OTEMP from GTEMP routine once we have reached

!  radiative balance at night.

!  Put in a time restraint so you do not call GTEMP in the am.

  Oshum = 10**( 6.1989 - (2353 / BareRadioTemp) )

  BareEvapFlux = Le * Dens * ( Oshum - Qd(1) ) / Sumw * F

  if ( qd(1) >= oshum ) BareEvapFlux = 0.001

  call avr (BareEvapFlux, Evap_Smooth, averageinit)

  BareEvapFlux = Evap_Smooth

  Evap = BareEvapFlux

! Nighttime

  if ( rnet < 0 ) then

    Call Gtemp

    BareHeatFlux = Heat

    VegnRadioTemp = Otemp

    BareRadioTemp = Otemp

    MixedRadioTemp = Otemp

    Evap = BareEvapFlux

! Daytime

!

! Bare soil

  else

    BareRadioTemp = Aptemp + ( BareHeatFlux * GBL_sum / ( Dens * Cp ) )     &

                    - Tdif_s

    Otemp=BareRadioTemp

! Daytime Restraint

    if (Rnet > 0) then

! Vegetation

      if (eq(frveg,1.0) ) then

        call Vegflx (VegnEvapFlux)

        Evap = VegnEvapFlux

        Otemp = VegnRadioTemp

! Mixed

      else if (Frveg > 0 .and. Frveg < 1) then

        call Vegflx (VegnEvapFlux)

        MixedEvapFlux = (1-Frveg) * BareEvapFlux + Frveg * VegnEvapFlux

        MixedRadioTemp = (BareRadioTemp**4 * (1-Frveg) + Frveg *        &

                         VegnRadioTemp**4)**0.25

        Evap = MixedEvapFLux

        Otemp = MixedRadioTemp

      end if

    end if

  end if

  Ahum = Qd(1)

  return

end


******************************  File gettbl.f90  ******************************

subroutine  GETTBL

  use simsphere_mod

  implicit none

! This subroutine takes the precipitable water content (OMEGA) and

! calc's the transmission coefficient for absorbtion using a lookup

! table.  Interpolate linearly on OMEGA.  The lookup table contains

! 46-entry tables for OMEGA from 0 to 5 in increments of 0.5.

! Note that the maximum value allowed for OMEGA is 5.0.

! The subroutine also copies the scattering (SCATBL) and the

! backscattering (BSCTBL) tables from file into the common block.

  real :: A(46) , B(46) , C(46)

  real :: FRACT, FRACT2

  integer :: I,J,K,L

!      INCLUDE 'modvars.h'

  OPEN (UNIT = 14, FILE = f_precip_lut )

  I = INT(1 + OMEGA * 2)

  J = I - 1

  IF ( I > 11 ) I = 11

! For no precipitable water use 1st 46 values, otherwise skip J blocks

! of 46 table entries and read appropriate values.

  IF ( J == 0 ) THEN

    do L = 1 , 46

      READ ( 14 , 1000 ) ABSTBL(L) , SCATBL(L) , BSCTBL(L)

    end do

  ELSE

    do K = 1 , J

      do L = 1 , 46

        READ ( 14 , 1000 ) A(L) , B(L) , C(L)

      end do

    end do

    do L = 1 , 46

      READ ( 14 , 1000 ) ABSTBL(L) , SCATBL(L) , BSCTBL(L)

    end do

  ENDIF

! For a maximum OMEGA no interpolation is performed but for all other

! values of OMEGA interpol'n is done using weighting factors FRACT2 &

! FRACT.  Values are written to channel 69.

  IF ( I == 11 ) THEN

!  WRITE ( 19 , 6901 ) OMEGA

!  DO 25 L = 1 , 46

!   25   WRITE ( 19 , 1000 ) ABSTBL(L) , SCATBL(L) , BSCTBL(L)

    continue

  ELSE

    do L = 1 , 46

      READ ( 14 , 1000 ) A(L) , B(L) , C(L)

    end do

    FRACT = 2 * OMEGA - J

    FRACT2 = 1 - FRACT

    do L = 1 , 46

      ABSTBL(L) = ABSTBL(L) * FRACT2 + A(L) * FRACT

    end do

!  WRITE (19,6947) FRACT , FRACT2

!  WRITE (19,6901) OMEGA

!  DO 40 L = 1 , 46

!    WRITE ( 19 , 1000 ) ABSTBL(L) , SCATBL(L) , BSCTBL(L)

!   40  CONTINUE

  ENDIF

  REWIND 14

  CLOSE (UNIT = 14)

! Format statements

1000 FORMAT (3F12.7)

! 6947 FORMAT (//,' GETTBL.  INTERPOLATION FACTORS:',2(2X,F10.7))

! 6901 FORMAT (//,' LOOKUP TABLE FOR OMEGA:  ',F10.7,/)

  return

end


******************************  File globals.f90  ******************************

module globals
  implicit none
  public

! Flags to control output to JSON or text file
  logical :: writeJSON=.true., writeTXT=.true.

!  Global variables (formerly COMMON in modvars.h)

  real, dimension(:), allocatable :: ts
  real :: KM(50)=0.0, LAMBDA=0.0, KAPPA=0.0, LWDN=0.0
  real :: u_fine(51)=0.0,v_fine(51)=0.0,t_fine(51)=0.0,q_fine(51)=0.0
  real :: UGS=0.0,VGS=0.0,ANGL=0.0,DTX=0.0,DTY=0.0,CF=0.0
  real :: DELTAZ=0.0
  real :: ZI(50)=0.0,ZK(50)=0.0
  real :: UD(50)=0.0,VD(50)=0.0,UGD(50)=0.0,VGD(50)=0.0
  real :: XTDIF=0.0,YTDIF=0.0,XPDIF=0.0,YPDIF=0.0
!  real :: GM(50)=0.0,TS(50)=0.0,TD(50)=0.0,Tdif_50=0.0,Tdif_s=0.0,O_Pot_Tmp=0.0
  real :: GM(50)=0.0,TD(50)=0.0,Tdif_50=0.0,Tdif_s=0.0,O_Pot_Tmp=0.0
  real :: TA=0.0,TAF=0.0,TG=0.0,QAF=0.0,QSTF=0.0
  real :: HF=0.0,XLEF=0.0,XLEG=0.0,TF=0.0,QA=0.0,WIDTH=0.0
  real :: RST=0.0,UAF=0.0,RSF=0.0,RSG=0.0,RLF=0.0,RLG=0.0,UTEN=0.0
  real :: CHA=0.0, CHG=0.0, CHF=0.0, RTRANW=0.0
  real :: KQFLAG=0.0,QD(50)=0.0,DQDT2(50)=0.0,QQ(50)=0.0,QN(51)=0.0
  real :: ATEMP=0.0,AWIND=0.0,OMEGA=0.0,OTEMP=0.0,BTEMP=0.0,APTEMP=0.0
  real :: GBL_sum=0.0,OSHUM=0.0,XMAX=0.0,DQDT=0.0,SUMW=0.0
  real :: FSUB=0.0,F=0.0,ZO=0.0,TP=0.0,TI_A=0.0,TI_B=0.0,DELZ(8)=0.0,CG=0.0
  real :: GAM=0.0,HET=0.0
  real :: U(50)=0.0,V(50)=0.0,UG(50)=0.0,VG(50)=0.0,T(50)=0.0,ZCOUNT=0.0

  ! Used in mom.f90
  real :: CR(46), OK(46), RC

  real :: OUTTT=0.0,SATAM=0.0,SATPM=0.0,STRTIM=0.0, TIMEND=0.0, REALTM=0.0,PTIME=0.0
  real :: DEL=0.0,DZETA=0.0,Z(9)=0.0,TT(9)=0.0,XFUN(9)=0.0
  real :: XLAT=0.0,XLONG=0.0,TZ=0.0,ALBDOE=0.0
  real :: WMAX=0.0,W2G=0.0,WGG=0.0,WILT=0.0
  real :: EPSI=0.0,EPSF=0.0,XLAI=0.0,SOL=0.0,RNETG=0.0,RNETF=0.0,AEPSI=0.0
  real :: SWAVE=0.0
  real :: ADVGT=0.0
  real :: FRVEG=0.0
  real :: TSCREN=0.0,PTM100=0.0
  real :: RESIST=0.0,EMBAR=0.0,RZASCR=0.0
  real :: THV=0.0,THMAX=0.0,PSIG=0.0,VFL=0.0,BETA=0.0,B1=0.0,B2=0.0,PSICM=0.0
  real :: PSICE=0.0,SC=0.0,ZP=0.0,MINTEMP=0.0,MAXTEMP=0.0
  real :: RCUT=0.0,RAF=0.0,RMIN=0.0,VEGHEIGHT=0.0
  real :: FS=0.0,RSCRIT=0.0,PSIWC=0.0,PSIM=0.0,PSIE=0.0,RS=0.0,WPSI=0.0
  real :: RLPSI=0.0,FC=0.0,FPSIE=0.0,RL=0.0,ZG=0.0,RLELF=0.0
  real :: VOLINI=0.0,RKOCAP=0.0,ZSTINI=0.0,FRHGT=0.0,FRZP=0.0,RZCAP=0.0,VOLREL=0.0
  real :: PSIST=0.0,PSIX=0.0,FST=0.0,DELTVST=0.0,VOLRMV=0.0,ZST=0.0,CAPACI=0.0
  real :: FLUXGD=0.0,VOLIST=0.0,PSISUP=0.0
  real :: rks=0.0, cosbyb=0.0, psis=0.0
  real :: FCO2=0.0,CCAN=0.0,CI=0.0,CO=0.0,FRCO2=0.0
  real :: coz_sfc=0.0, coz_air=0.0, caf=0.0, fglobal=0.0, flux_plant=0.0, sumo3=0.0
  real :: SLOPE=0.0, ASPECT=0.0
  real :: Y = 1.0
  real :: ALBG = 0.0
  real :: ALBF = 0.0
  real :: SIGF = 0.0
  real :: HG = 0.0
  real :: AHUM = 0.0
  real :: RNET = 0.0
  real :: USTAR = 0.0
  real :: TSTAR = 0.0
  real :: T1 = 0.0
  real :: HEAT = 0.0
  real :: HGT = 50.0
  real :: DELT = 1.0
  real :: DHET = 0.0
  real :: EVAP = 0.0
  real :: BULK = 0.0
  real :: cld_fract = 0.0



  real :: RCCAP = 0
  integer :: NTRP = 0
  integer :: IMO = 0
  integer :: IDAY = 0
  integer :: IFIRST = 0
  integer :: NLVLS = 5
  integer :: JCAP = 1
  integer :: IYR = 0

  character(len=1) :: STMTYPE, STEADY, DUAL_TI

  logical :: cloud_flag = .false.



end module globals

******************************  File gtemp.f90  ******************************

subroutine GTEMP

  use simsphere_mod

  implicit none

! **  GTEMP determines the surface temperature in the absence of

! **  turbulence. It sets up an energy balance equation as a fourth-

! **  order polynomial equation in surface temperature and solves it

! **  by Newton's iteration algorithm.  Note that GTEMP assumes

! **  radiative balance.

  real :: A(5)

  real :: ENGBAL, A1, B, C, DELTAX, XDIF, X

  integer :: I, J, K

!      INCLUDE 'modvars.h'

  X = OTEMP

! **  Set up the polynomial.

  ENGBAL = (AEPSI * SIGMA * (T_fine(3) - Tdif_s - 1.5)**4               &

           + SWAVE - HEAT - EVAP)* Z(2) + LAMBDA*TT(2)

  A1 = Z(2) * SIGMA * EPSI

  A(1) = -ENGBAL

  A(2) = LAMBDA

  A(3) = 0

  A(4) = 0

  A(5) = A1

! **  Reduce the boundaries until the difference is < .0001.

  do J = 1 , 20

     B = A(5)

     C = A(5)

    do I = 1 , 3

      K = 5 - I

      B = A(K) + X * B

      C = B + X * C

    end do

    B = A(1) + X * B

    DELTAX = B / C

    X = X - DELTAX

    XDIF = X - OTEMP

    IF ( ABS(XDIF) < .0001 ) GO TO 31

  end do

31 X = ( OTEMP + X ) / 2

  OTEMP = X

  return

end


******************************  File hot.f90  ******************************

subroutine  HOT (B,BareNetRadn,BareEvapFlux,BareHeatFlux)

  use simsphere_mod, only: lambda, atemp, tt, z, dens, cp, frveg, rnet, heat, &

                           gbl_sum, veghot, eq

  implicit none

!  HOT is called during the day to compute the sensible heat flux HEAT

!  from net all wave radiation and the evaporation.

  real :: BareNetRadn,BareEvapFlux

  real :: BareHeatFlux,VegnHeatFlux,MixedHeatFlux

  real :: A, B

!      INCLUDE 'modvars.h'

  A = ( Lambda * ( Atemp - TT(2) ) ) / Z(2)

  B = Lambda / ( Z(2) * Dens * Cp )

  if (eq(frveg,1.0,1e-4) .and. Rnet > 0.0) then

! Vegetation

    call Veghot(B,VegnHeatFlux)

    Heat = VegnHeatFlux

  else if (Frveg > 0 .and. Frveg < 1 .and. Rnet > 0) then

! Mixed

    BareHeatFlux = (BareNetRadn - BareEvapFlux - A) / (1+B*GBL_sum)

    call Veghot (B,VegnHeatFlux)

    MixedHeatFlux = (1-Frveg) * BareHeatFlux + Frveg * VegnHeatFlux

    Heat = MixedHeatFlux

  else

! Bare Soil

    BareHeatFlux = (BareNetRadn - BareEvapFlux - A) / (1 + B * GBL_sum)

    Heat = BareHeatFlux

  end if

  return

end


******************************  File input.f90  ******************************

subroutine INPUT

  use simsphere_mod

  implicit none

! ** Modified 8/14/90 >> Modified Hi (SKONST / S).

! **  Subroutine INPUT computes solar radiation as a function of the

! **  day, season, atmospheric attenuation, and albedo.

!  real(kind=8) :: EFFDEC, SOLSIN

  real :: EFFDEC=0.0, SOLSIN=0.0

  real :: SS(12)

  integer :: MD(12)

! Don't need to declare FTABS, FBSCAT, FTSCAT -- subroutine rewritten as function

!  real :: FTABS, FBSCAT, FTSCAT,  RM, S, N

  real :: RM=0.0, S=0.0, N=0.0, RLPATH=0.0, PATH=0.0

  real :: TABS=0.0, BSCAT=0.0, TSCAT=0.0, TABSD=0.0, BSCATD=0.0, TSCATD=0.0

  real :: DF=0.0, DE=0.0, SIG=0.0, EQT=0.0, HRANGL=0.0, SLB=0.0, SHEAT=0.0, HI=0.0, XSER=0.0, SOLEL=0.0

  real :: sinsolelslope=0.0, solelslope=0.0, GMT=0.0

  real, parameter :: skonst = 1.94*4.1868e4/60

  integer :: IMO1=0, JMO=0, I=0, K=0, DAD=0

!      INCLUDE 'modvars.h'

! **  The definition of the variables in the following DATA statements

! **  can be found in the manual.

  DATA MD / 31 , 29 , 31 , 30 , 31 , 30 , 31 , 31 , 30 , 31 , 30, 31/

  DATA SS / 0.967 , 0.971 , 0.982 , 0.999 , 1.016 , 1.029 , 1.034,      &

          1.030 , 1.018 , 1.002 , 0.985 , 0.973 /

! **  Y ...Counter for determining celestial mechanics for long, lat and

! **  time of year.

  IF ( Y /= 1 ) GO TO 19

  Y = Y + 1

  IMO1 = IMO + 1

  IF (IMO1 == 13) IMO1 = 1

! **  Compute the solar distance factor.

  RM = FLOAT( IDAY - 1 ) / FLOAT( MD ( IMO ) )

  S = SS( IMO ) + RM * (SS( IMO1 ) - SS( IMO ) )

! **  Set up the number of the day in the year (DAD).

  K = IDAY

  JMO = IMO - 1

  IF ( JMO < 1 ) GO TO 12

  do I = 1 , JMO

    K = K + MD(I)

  end do

12  N = IYR / 4

  N = IYR - N * 4

  IF (N /= 0 .AND. K >= 60) K = K - 1

  DAD = K - 1

! **  Calculate the angular fraction of a year, convert to radians.

  DF = DAD * 360 / 365.242

  DE = real(DF / RADIAN,4)

! **  Correction to declination caused by elliptical orbit.

  SIG = SIGA + DF + 1.914827 * SIN( DE ) - 0.079525 * COS( DE )         &

        & + 0.019938 * SIN( DE * 2 ) - 0.00162 * COS( DE * 2 )

  SIG = real(SIG / RADIAN,4)

! **  Declination of the sun.

  EFFDEC = real(ASIN( SDEC * SIN( SIG ) ),4)

! **  True solar noon.

  EQT = 0.12357 * SIN( DE ) - 0.004289 * COS( DE )                      &

        & + 0.153809 * SIN( DE * 2 ) + 0.060783 * COS( DE * 2 )

  EQT = EQT + 12

19 CONTINUE

! **  Calc time in Greenwich Mean Time.

  GMT = PTIME + TZ

!  Calculate the solar hour angle in radians.

  HRANGL = 15 * ( GMT - EQT ) - XLONG

  HRANGL = real(HRANGL / RADIAN,4)

!  Now we can finally compute the solar elevation angle.

  SLB = real(XLAT / RADIAN,4)

  SOLSIN = SIN(EFFDEC)*SIN(SLB)+COS(EFFDEC)*COS(SLB)*COS(HRANGL)

  SOLEL = real(ASIN( SOLSIN ) * RADIAN,4)

  if (SLOPE > 0) then

    call sslope (sinsolelslope,solelslope,effdec,slb,hrangl)

  else

    call albedo (solsin)

    sinsolelslope = solsin

  end if

!  If the solar altitude is less that or equal to zero it's night so

!  return, otherwise compute absolute optical air mass (PATH).

  IF ( SOLEL <= 0 ) THEN

    SWAVE = 0

    RETURN

  END IF

  RLPATH = ( SOLSIN + 0.15 * ( SOLEL + 3.885 ) ** (-1.253) ) ** (-1)

!      if (rlpath < 1.0) rlpath = 1.0 

  PATH = 0.001 * PS1 * RLPATH

  SOLEL = real(SOLEL / RADIAN,4)

!  write(*,*) 'SOLSIN: ',SOLSIN, ' SOLEL: ',SOLEL,' RLPATH: ',RLPATH,' PATH: ',PATH

!TJC  These lines moved to functions in module: ftabsT, ftscatT, fbscatT

!  CALL TRANSM (RLPATH,FTABS,FTSCAT,FBSCAT)

!  Store values for use.

!  TABS = FTABS

!  TSCAT = FTSCAT

!  BSCAT = FBSCAT

  if ( RLPATH == RLPATH ) then

    TABS = ftabsT(RLPATH)

    TSCAT = ftscatT(RLPATH)

    BSCAT = fbscatT(RLPATH)

  else

    write(*,*) 'RLPATH is NaN, input.f90:128'

    stop

  end if

!TJC End

!  Set the PATH length for diffuse radiation equal to 1.7.

  PATH = 1.7

!TJC  These lines moved to functions in module: ftabsT, ftscatT, fbscatT

!  CALL TRANSM (PATH,FTABS,FTSCAT,FBSCAT)

!

!!  Again store values for use.

!

!  TABSD  = FTABS

!  TSCATD = FTSCAT

!  BSCATD = FBSCAT

   TABSD = ftabsT(PATH)

   TSCATD = ftscatT(PATH)

   BSCATD = fbscatT(PATH)

!TJC End

! **  SHEAT >>> Sunlight amount on horizontal plane outside atmosphere

! **  XSER  >>> Diffuse Shortwave Radiation at the ground.

! **  HI    >>> Direct SW Radiation reaching the ground.

! **  SWAVE >>> Diffuse + Direct = 'Global'

  if (S /= 0) SHEAT = SKONST * sinsolelslope / S

  XSER  = BSCATD * ALBDOE * ( 1 - TSCATD ) * TABSD * SIN( SOLEL )

  if (S /= 0) HI = ( SHEAT * TABS * TSCAT ) + ( SKONST / S* TABS * ( 1 - TSCAT )    &

&       * ( 1 - BSCAT ) ) * SIN( SOLEL )

  if (XSER /= 1.0) then

    SWAVE = ( HI * ( 1 - ALBDOE ) ) / ( 1.0 - XSER )

  else

    write(*,*) 'Attempted divide by zero: input.f90:168'

    stop

  end if

  IF(CLOUD_FLAG) SWAVE = SWAVE*(1-(0.7*(0.1*CLD_FRACT)))

       ! impose cloud fraction; reduce swave according to cloud amount

       ! Note: forcing real arithmetic

  return

end


******************************  File intpol.f90  ******************************

subroutine  INTPOL

  use simsphere_mod, only: vgs, ugs, vgd, ugd, vd, ud, u_fine, v_fine, &

                           ug, vg, ntrp

  implicit none

  real, parameter :: ZZ = 50 

  real, parameter :: ZZDAY = 250

  real :: FIX, VTDZ, UTDZ, TIX

  integer :: I, J

!      CHARACTER*1 CHOICE

!      INCLUDE 'modvars.h'

!  DATA ZZ,ZZDAY /50,250/

  VGD(1) = VGS

  UGD(1) = UGS

! **  Set the geostrophic wind component equal winds at 1050m and above.

  do J=5,NTRP

    VGD(J) = VD(J)

    UGD(J) = UD(J)

  end do

! **   Make the winds above NTRP levels equal that at the NTRP level.

! **   Trap so that the winds are not zeroed above NTRP levels.

  do I = NTRP,20

    VGD(I) = VGD(NTRP)

    UGD(I) = UGD(NTRP)

  end do

! **   Set up a weigthing factor to interpolate from 50 to 1050 m.

! **   Calc vertical derivatives for U & V.

  FIX = 4 * ZZDAY + 50

  VTDZ = (VD(5)-VGS)/FIX

  UTDZ = (UD(5)-UGS)/FIX

! **   Calc geostrophic wind components in intermediate levels.

  do I=1,4

    TIX = FLOAT(I-1)*ZZDAY+50

    UGD(I) = UGS + UTDZ * TIX

    VGD(I) = VGS + VTDZ * TIX

  end do

! **   Vertical derivative for the night-time.

  UTDZ = (UD(3)-UGS)/550

  VTDZ = (VD(3)-VGS)/550

! **   Follow procedure again for the night-time (50 - 500m).

  do I=1,20

    TIX = FLOAT(I)*ZZ

    UG(I) = UGS+UTDZ*TIX

    VG(I) = VGS+VTDZ*TIX

  end do

  do i=21,46

    ug(i) = u_fine(i)

    vg(i) = v_fine(i)

  end do 

  return

end


******************************  File loadjson.f90  ******************************

program loadjson
  use simsphere_mod, only: t_met, t_timeloc, t_veg, t_wind, t_soil, t_temp,  &
                           t_windsnd, load_config
  use, intrinsic :: iso_fortran_env, only: error_unit

  type(t_met) :: met
  type(t_timeloc) :: timeloc
  type(t_veg) :: veg
  type(t_wind) :: wind
  type(t_soil) :: soil
  type(t_temp) :: temp
  type(t_windsnd) :: windsnd

  character(len=:), allocatable :: cfg_file

  if (.not. allocated(cfg_file)) then
    allocate(character(len=12) :: cfg_file)
    cfg_file = 'i_model.json'
  end if

  call load_config(cfg_file, met, timeloc, veg, wind, soil, temp, windsnd)
  
  deallocate(cfg_file)

end program loadjson

******************************  File momday.f90  ******************************

subroutine  MOMDAY(thick)

  use simsphere_mod

  implicit none

! **  This daytime routine updates the daytime winds UD, VD and specific

! **  humidity QD using the eddy diff's obtained in DAYKM, assuming

! **  similarity between humidity and momentum transfer coefficients.

! **  Note that the time step is 120 sec ..this ensures computational

! **  stability during periods when KM values are large.

  real :: DUDT(50)=0.0, DVDT(50)=0.0, DU(50)=0.0, DV(50)=0.0

  real, intent(in) :: THICK

  real :: SMF=0.0, XXX=0.0, DELTZI=0.0, DUDT50=0.0, DVDT50=0.0

  real :: DU50=0.0, DV50=0.0, OVER=0.0

  integer :: I=0, J=0

  integer, parameter :: SMFH = 60

  integer, parameter :: UIF = 1

! MAG(50), DIRCT(50)

! CHARACTER *12 MENUCH

!      INCLUDE 'modvars.h'

!  COMMON /MXDLYR/ THICK

!  DATA SMFH , UIF / 60 , 1 /

! **  SMF AND THICK is to deal with the eddy equations when the

! **  mixing layer is below 60m.

  SMF = THICK / SMFH

  IF ( SMF > 1 ) SMF = 1

  AWIND = SQRT ( VD(1)**2 + UD(1)**2 )

  XXX = 0

! **  DELTZI is DELTAZ for the average of the two lowest layers

! **  for finite differencing of bottom boundary in diffusion calcs.

  DELTZI = ( DELTAZ + 50 ) / 2

! **  Check for the existance of a mixing layer.

666   IF ( eq(THICK,0.0) ) THEN

! **  Calc the partial derivatives of U and V with respect to time

! **  when there is no mixing layer.  Initialise specific humidities.

! **  If initialisation of actual wind profile and geostrophic winds do

! **  not 'match' properly the model will crash above the height of the

! **  mixed layer due to inertial occilation.  If necessary one may take

! **  out this feature above the height of the planetry boundary layer.

    DUDT50 = CF * ( VD(1) - VGD(1) ) - ( SMF * ( USTAR**2 * ( UD(1) / AWIND ) / 25 ) )

    DVDT50 = -CF * ( UD(1) - UGD(1) ) - ( SMF * ( USTAR**2 * ( VD(1) / AWIND ) / 25 ) )

    DV50 = DVDT50 * DELTA

    DU50 = DUDT50 * DELTA

    VD(1) = VD(1) + DV50

    UD(1) = UD(1) + DU50

    DQDT2(1) = 0

    do I = 2 , NTRP

      DUDT(I) = CF * ( VD(I) - VGD(I) )

      DVDT(I) = -CF * ( UD(I) - UGD(I) )

      DU(I) = DUDT(I) * DELTA

      DV(I) = DVDT(I) * DELTA

      UD(I) = UD(I) + DU(I)

      VD(I) = VD(I) + DV(I)

      DQDT2(I) = 0

    end do

    GO TO 999

  ELSE

! **  Set up contingences to check if near top of mixing layer.

    do I = 2 , NTRP

      DUDT(I) = CF * ( VD(I) - VGD(I) )

      DVDT(I) = -CF * ( UD(I) - UGD(I) )

! IF ( ZI(I) > HGT ) THEN

!  TD(I) = TD(I) - (RAD - ADVGT ) * (DELTA/2)

! ENDIF

     IF ( ZI(I) > HGT ) GO TO 40

     IF ( eq(ZI(I),ZI(NTRP)) ) THEN

       KM(I+1) = 0

       UD(I+1) = UD(I)

       VD(I+1) = VD(I)

     END IF

! **  Calc rate of change of Q,U & V with respect to time due to the

! **  diffusive properties within the layer.

     DQDT2(I) = ( ( KM(I+1) * ( QD(I+1) - QD(I) ) / DELTAZ ) -          &

                ( KM(I) * ( (QD(I) - QD(I-1) ) / DELTAZ ) ) ) / DELTAZ

     DUDT(I) = DUDT(I) + ( ( KM(I+1) * ( UD(I+1) - UD(I) ) / DELTAZ )   &

               - ( KM(I) * ( UD(I) - UD(I-1) ) / DELTAZ ) ) / DELTAZ

     DVDT(I) = DVDT(I) + ( ( KM(I+1) * ( VD(I+1) - VD(I) ) / DELTAZ )   &

               - ( KM(I) * ( VD(I) - VD(I-1) ) / DELTAZ ) ) / DELTAZ

40   CONTINUE

     DU(I) = DUDT(I) * ( DELTA / 2 )

     DV(I) = DVDT(I) * ( DELTA / 2 )

     QD(I) = QD(I) + ( DQDT2(I) * DELTA / 2 )

    end do

! **  At lower boundary smooth out the derivatives using classical

! **  functional form.

    DUDT(1) = CF * ( VD(1) - VGD(1) ) + ( KM(2) * ( UD(2) - UD(1) )     &

             / ( DELTAZ * DELTZI ) ) - ( SMF * ( UIF * USTAR**2 *       &

             ( UD(1) / AWIND ) / DELTZI ) )

    DVDT(1) = -CF * ( UD(1) - UGD(1) ) + ( KM(2) * ( VD(2) - VD(1) )    &

              / ( DELTAZ * DELTZI ) ) - ( SMF * ( UIF * USTAR**2 *      &

              ( VD(1) / AWIND ) / DELTzi ) )

    DQDT2(1) = ( KM(2) * ( QD(2) - QD(1) ) / ( DELTAZ * DELTZI ) )      &

              + ( EVAP * SMF * UIF ) / ( LE * DENS * DELTZI )

    DU(1) = DUDT(1) * ( DELTA / 2 )

    DV(1) = DVDT(1) * ( DELTA / 2)

    QD(1) = QD(1) + ( DQDT2(1) * DELTA / 2 )

! **  Compute the new values for U and V components.

    do J = 1 , NTRP

      UD(J) = UD(J) + DU(J)

      VD(J) = VD(J) + DV(J)

    end do

  END IF

! **  Windspeed at level one.

  AWIND = SQRT( UD(1)**2 + VD(1)**2 )

! **  Cycle through twice.

  XXX = XXX + 1

  OVER = MOD( XXX , 2.0)

  IF ( .not. eq(OVER,0.0) ) GO TO 666

999   continue

! Now update the Fine Mesh Arrays

  call fine

! **  This code will be used with graphic interface .. leave for now.

!     IF (TMOD /= 0) THEN

! **  Calculate the magnitude and direction of the wind at each level.

!      DO 60 N=1,NTRP

!       MAG(N) = SQRT ( UD(N)**2 + VD(N)**2 )

!       DIRCT(N) = ATAN2 (UD(N),VD(N)) * (180./3.14159)+180.0

!  60  CONTINUE

!     END IF

  RETURN

END


******************************  File mom.f90  ******************************

subroutine  MOM (Pot_S,DT,MONCE)

  use simsphere_mod

  implicit none

! **  Subroutine MOM calculates the momentum and thermodynamic eqs. in the

! **  lowest 500m of the atmosphere and produces profiles of the U & V

! **  components, humidity and temperature at 50m intervals to couple

! **  surface and mixing layers.

  real :: Pot_S

  integer :: DT, MONCE

  real :: BX(46), WIND(46), WGEOS(46)

  real :: B(46), DUW(46), KRAD, DVW(46), DTW(46), RI(46)

  real :: DU, DV, ABDU, ABDV, OKMAX

  integer :: I, icnt

  real :: DZ, SB, UIF, UIF2, BX1

  integer :: IMAX, IMAX1

!      INCLUDE 'modvars.h'

  KRAD = 0.75

  OKMAX = 1.0

  DZ = 50.0 

  SB = 784.0

!  IMAX = 50

  IMAX = size(bx)

  IMAX1 = IMAX - 1

! **  UIF,UIF2 are correction factors to account for 1st layer not being

! **  centred when the night SFL depth is below 50 m (ZA).

! **  This is not necessary at present as ZA = 50 m.

  UIF = ( 2 * DZ / ZA ) - 1

  UIF2 = DZ / ( 2 * DZ - ZA )

! **  Make the diffusion coefficient (BX1) for radiation unitless.

  BX1 = KRAD * DT / ( DZ**2 )

  IF (MONCE == 0) THEN

! **  Perform initialisations.

! **  Set up constants for the Richardson number calculation.

    RC = ( GRAV * DZ ) / OTEMP

! **  Set values of Critical Richardson # and turbulent diffusivities to

! **  a nominal value and smooth the temperature profile.

    do I = 1 , IMAX1

      CR(I) = 0.001

      OK(I) = 0.01

      T(I) = ( T(I) + T(I+1) ) / 2

    end do

    MONCE = 2

  END IF

! **  Calculate bulk parameters .... Windspeed, Geostrophic Windspeed

! **  and Critical Richardson number at all levels.

  ! **  Cycle through twice (120s).

  icnt = 2

  do while ( icnt > 0 )

    icnt = icnt - 1

      do I = 1 , IMAX

        WIND(I) = SQRT( U(I)**2 + V(I)**2 )

        WGEOS(I) = SQRT( UG(I)**2 + VG(I)**2 )

        CR(I) = ( EXP( -0.2129 * WGEOS(I) ) * 0.5542 ) + 0.2

      end do

  ! **  Take derivatives of U and V and their absolute value.  Set a

  ! **  minimum value for the derivatives.  Calculate the local Richardson

  ! **  number using the expression for Si and our constant (g/  ).

  ! **  Next, find the values for the eddy exchange coefficients (Kh & Km);

  ! **  note ... assumed to be the same in the stable nocturnal boundary

  ! **  layer. (SB = l).  Smooth and set the non-dimensional forms for

  ! **  momentum (B) and heat (BX).

    do I = 2 , IMAX

      DU = U(I) - U(I-1)

      DV = V(I) - V(I-1)

      ABDU = ABS(DU)

      ABDV = ABS(DV)

      IF (ABDU < 0.001) DU = 0.001

      IF (ABDV < 0.001) DV = 0.001

      RI(I) = RC * ( T(I) - T(I-1) ) / ( (DU**2) + (DV**2) )

      OK(I) = SB * ( ( CR(I) - RI(I) ) / CR(I) ) * ( SQRT(DU**2 + DV**2 ) / DZ )

      OK(I) = OK(I) + 0.05 * OK(I-1)

      IF (RI(I) >= CR(I)) OK(I) = 0

      B(I) = ( OK(I) * DT ) / ( DZ**2 )

      BX(I) = ( (OK(I) + KRAD) * DT ) / ( DZ**2 )

      IF (B(I) > 0.25) B(I) = 0.25

      IF (BX(I) > 0.25) BX(I) = 0.25

      IF (OK(I) > OKMAX) OKMAX = OK(I)

    end do

  ! **  Calculate the vertical profiles of temperature and wind from 50

  ! **  to 500 metres by integrating the U and V momentum equations and

  ! **  the thermodynamic equation.

    do I = 2 , IMAX1

      IF (I > 2) UIF2 = 1

      DUW(I) = B(I+1) * ( U(I+1) - U(I) ) - B(I) * ( U(I) -U(I-1) ) * UIF2

      DVW(I) = B(I+1) * ( V(I+1) - V(I) ) - B(I) * ( V(I) - V(I-1) ) * UIF2

      DTW(I) = BX(I+1) * ( T(I+1) - T(I) ) - BX(I) * ( T(I) - T(I-1) ) * UIF2

      QN(I) = QN(I) + ( B(I+1) * ( QN(I+1) - QN(I) ) - B(I) * ( QN(I) - QN(I-1) ) )

      U(I) = U(I) + CF * DT * ( V(I) - VG(I) ) + DUW(I)

      V(I) = V(I) - CF * DT * ( U(I) - UG(I) ) + DVW(I)

      T(I) = T(I) + DTW(I) - ( RAD - ADVGT ) * DT

    end do

  ! **  Integrate at top and bottom boundaries where no turbulent

  ! **  exchange exists and at the surface boundary condition.

    T(1) = T(1) + HEAT * DT / ( CP * DENS * ZA ) + BX(2) *                &

           ( T(2) - T(1) ) - ( RAD - ADVGT ) * DT

    T(1) = T(1) - BX1 * ( T(1) - Pot_S )

    U(1) = U(1) + CF * DT * ( V(1) - VG(1) ) + B(2) * ( U(2) - U(1) )     &

           -DT / DZ * USTAR**2 * U(1) / WIND(1) * UIF

    V(1) = V(1) - CF * DT * ( U(1) - UG(1) ) +B(2) * ( V(2) - V(1) )      &

           -DT / DZ * USTAR**2 * V(1) / WIND(1) * UIF

    QN(1) = QN(1) + ( B(2) * ( QN(2) - QN(1) ) + ( EVAP * DT / ( DENS * LE * DZ ) ) )

    U(IMAX) = U(IMAX) + CF * DT * ( V(IMAX) - VG(IMAX) ) - B (IMAX) *     &

              ( U(IMAX) - U(IMAX1) )

    V(IMAX) = V(IMAX) - CF * DT * ( U(IMAX) - UG(IMAX) ) - B (IMAX) *     &

              ( V(IMAX) - V(IMAX1) )

    T(IMAX) = T(IMAX) - BX(IMAX) * ( T(IMAX) - T(IMAX1) ) - ( RAD - ADVGT ) * DT

  ! **  Here we set QD = QN to be used in flux.

    QD(1) = QN(1)

  end do

  AWIND =  ( SQRT(U(1)**2 + V(1)**2) )

! Fine Mesh 

  do i=1,imax

    u_fine(i) = u(i)

    v_fine(i) = v(i)

    t_fine(i) = t(i)

    q_fine(i) = qn(i)

  end do

  return

end


******************************  File netrad.f90  ******************************

subroutine  NETRAD (Time,BareRadioTemp,VegnRadioTemp,BareNetRadn,VegnNetRadn,MixedNetRadn,Init)

  use simsphere_mod

  implicit none

!  Subroutine NETRAD computes up and down longwave fluxes and

!  the Net Radiation.

  real :: BareRadioTemp,VegnRadioTemp

  real :: BareNetRadn,VegnNetRadn,MixedNetRadn

  real :: VegnShortWave

  real :: Lwup

  real :: time

  integer(kind=1) :: Init

!      INCLUDE 'modvars.h'

!    Compute the solar radiation.

  if (time >= 0.0) then

    call Input

  else

    write(*,*) 'Error: negative time detected.'

    continue

  end if

!  Calculate the net radiation for the appropriate ground conditions.

!  The decision is made on the fraction of vegetation.

!  Code added 28/11/90 to solve the Partial routine issue

!  Initialise and calculate the effective emissivity of the air and

!  longwave down using a weighted average of surface and air temperature.

  If (Init == 1) Then

    Aepsi = 0.700 + 0.17 * Alog10(Omega)

    if(cloud_flag) aepsi = aepsi + (1 - aepsi)*0.8*(0.1*cld_fract)

    ! Note: forcing real arithmetic

    BareRadioTemp = Tscren - 2

    VegnRadioTemp = Tscren - 2

    Init = 2

  End If

! Vegetation

  if (eq(frveg,1.0)) then

    call Lwdown

    call Vegrad (Time,VegnNetRadn,VegnShortWave,VegnRadioTemp)

    Rnet = VegnNetRadn

    Swave = VegnShortWave

! Bare Soil

  elseif (eq(frveg,0.0)) then

    call Lwdown

    call Uplong (Lwup,BareRadioTemp)

    BareNetRadn = Lwdn*epsi + Swave - Lwup

    Rnet = BareNetRadn

    ! TJC VegnNetRadn, VegnShortWave to 0 in this case (no veg)

    VegnNetRadn = 0.0

    VegnShortWave = 0.0

!TJC -- BareNetRadn is NaN and Swave is Infinity here

! Mixed

  Elseif (Frveg > 0 .and. Frveg < 1) Then

    call Lwdown

    call Uplong (Lwup,BareRadioTemp)

    BareNetRadn = Lwdn*epsi + Swave - Lwup

    call Vegrad (Time,VegnNetRadn,VegnShortWave,VegnRadioTemp)

    MixedNetRadn = (VegnNetRadn * Frveg) + (1-Frveg) * BareNetRadn

    Rnet = MixedNetRadn

    Swave = VegnShortWave * Frveg + Swave * (1- Frveg)

! Error

  Else

!  Print*, ' Logic Error has occurred in rountine Netrad '

!  print*, 'frveg = ',frveg, '  frveg-1 = ',(frveg-1)

!   Print*, ' Stop Program '

!   Stop

    continue

  Endif

  Return

End

Subroutine  Lwdown

  use simsphere_mod, only: Lwdn, aepsi, sigma, t_fine, tdif_s

  implicit none

!      INCLUDE 'modvars.h'

  Lwdn = aepsi*sigma*(T_fine(3) - Tdif_s - 1.5)**4

  Return

End

Subroutine  UpLong (Lwup,SpecTemperature)

  use simsphere_mod, only: epsi, sigma

  implicit none

! epsi and sigma declared in simsphere module

!  real :: SpecTemperature,Lwup,epsi,sigma

  real :: SpecTemperature,Lwup

! Common blocks include via the "use" statement

!  COMMON /KONST/ CP,LE,SIGMA,KARMAN,GRAV,R

!  COMMON /NETCOM/ EPSI,EPSF,ALBF,XLAI,SOL,RNETG,RNETF,AEPSI

  Lwup =  epsi*sigma*SpecTemperature**4

  Return

End


******************************  File output.f90  ******************************

module out_mod

  implicit none

  private

  public :: output

contains 

  subroutine  OUTPUT(json, out)

    use globals

    use constants

    use compare, only: eq

    use json_module

    use iso_fortran_env, only: real64

    implicit none

  ! Here we finally get around to printing out the variables.

    real, parameter :: Undefined = 0.0

    real :: G_Flux=0.0, Bowen=0.0, air_leaf_T=0.0

    real :: PES=0.0, Stom_R=0.0, co2_flux=0.0, ccan_concn=0.0, Water_Use_Eff=0.0

    type(json_core) :: json

    type(json_value), pointer :: out

  !      INCLUDE 'modvars.h'

  ! Write the Header Information

    G_Flux = Rnet - Heat - Evap

    Bowen = Heat/Evap

    If (Bowen < 0.0) Bowen = undefined

    If (.not. eq(FRVEG,0.0)) then

      air_leaf_T = TAF - Celsius_to_Kelvin

  !ground_T = TG - Celsius_to_Kelvin

    else

      air_leaf_T = undefined

  !ground_T = undefined

      vfl = undefined

    end if

    PES = ( XLAI / 2.0 ) + 1

    Stom_R = RS * PES / XLAI

    co2_flux = fco2*1e6

    ccan_concn = ccan*1e6

    Water_Use_Eff = (co2_flux*4.4e-8)/(xlef/le)

  !TJC  There doesn't seem to be any difference between these three output

  !TJC  cases.  They're intended to serve different purposes, but the same

  !TJC  calculations are done to the same variables during the write().

    if (rnet <= 0 .OR. swave <= 0) then

    ! Night

    ! No Vegetation Response

    ! Convert outputs to real64 to be compatible with JSON library.  Min/Max

    ! values are 2**-53..2**53 in JSON so the library only supports kind=real64

      call json%add(out,'Time',real(ptime,real64))

      call json%add(out,'Shortwave Flux/Wm-2',real(swave,real64))

      call json%add(out,'Net Radiation/Wm-2',real(rnet,real64))

      call json%add(out,'Sensible Heat Flux/Wm-2',real(heat,real64))

      call json%add(out,'Latent Heat Flux/Wm-2',real(evap,real64))

      call json%add(out,'Ground Flux/Wm-2',real(g_flux,real64))

      call json%add(out,'Air Temperature 50m/C',real(atemp-Celsius_to_Kelvin,real64))

      call json%add(out,'Air Temperature 10m/C',real(ta-Celsius_to_Kelvin,real64))

      call json%add(out,'Air Temperature Foliage/C',real(air_leaf_t,real64))

      call json%add(out,'Radiometric Temperature/C',real(otemp-Celsius_to_Kelvin,real64))

      call json%add(out,'Wind 50m/kts',real(awind*1.98,real64))

      call json%add(out,'Wind 10m/kts',real(uten*1.98,real64))

      call json%add(out,'Wind in foliage/kts',real(uaf*1.98,real64))

      call json%add(out,'Specific_Humidity_50m/gKg-1',real(q_fine(1)*1000,real64))

      call json%add(out,'Specific_Humidity_10m/gKg-1',real(qa*1000,real64))

      call json%add(out,'Specific_Humidity_In_Foliage/gKg-1',real(qaf*1000,real64))

      call json%add(out,'Bowen_Ratio',real(bowen,real64))

      call json%add(out,'Surface_Moisture_Availability',real(f,real64))

      call json%add(out,'Root_Zone_Moisture_Availability',real(fsub,real64))

      call json%add(out,'Stomatal_Resistance/sm-1',real(stom_r,real64))

      call json%add(out,'Vapour_Pressure_Deficit/mbar',real(vfl,real64))

      call json%add(out,'Leaf_Water_Potential/bars',real(psim,real64))

      call json%add(out,'Epidermal_Water_Potential/bars',real(psie,real64))

      call json%add(out,'Ground_Water_Potential/bars',real(psig,real64))

      call json%add(out,'CO2_Flux/micromolesm-2s-1',real(co2_flux,real64))

      call json%add(out,'CO2_Concentration_Canopy/ppmv',real(ccan_concn,real64))

      call json%add(out,'Water_Use_Efficiency',real(water_use_eff,real64))

      call json%add(out,'O3_conc_canopy/ppmv',real(caf,real64))

      call json%add(out,'Global_O3_flux/ugm-2s-1',real(fglobal,real64))

      call json%add(out,'O3_flux_plant/ugm-2s-1',real(flux_plant,real64))

    else

    ! Day

      if (heat > 0) then

      ! Convert outputs to real64 to be compatible with JSON library.  Min/Max

      ! values are 2**-53..2**53 in JSON so the library only supports kind=real64

        call json%add(out,'Time',real(ptime,real64))

        call json%add(out,'Shortwave Flux/Wm-2',real(swave,real64))

        call json%add(out,'Net Radiation/Wm-2',real(rnet,real64))

        call json%add(out,'Sensible Heat Flux/Wm-2',real(heat,real64))

        call json%add(out,'Latent Heat Flux/Wm-2',real(evap,real64))

        call json%add(out,'Ground Flux/Wm-2',real(g_flux,real64))

        call json%add(out,'Air Temperature 50m/C',real(atemp-Celsius_to_Kelvin,real64))

        call json%add(out,'Air Temperature 10m/C',real(ta-Celsius_to_Kelvin,real64))

        call json%add(out,'Air Temperature Foliage/C',real(air_leaf_t,real64))

        call json%add(out,'Radiometric Temperature/C',real(otemp-Celsius_to_Kelvin,real64))

        call json%add(out,'Wind 50m/kts',real(awind*1.98,real64))

        call json%add(out,'Wind 10m/kts',real(uten*1.98,real64))

        call json%add(out,'Wind in foliage/kts',real(uaf*1.98,real64))

        call json%add(out,'Specific_Humidity_50m/gKg-1',real(q_fine(1)*1000,real64))

        call json%add(out,'Specific_Humidity_10m/gKg-1',real(qa*1000,real64))

        call json%add(out,'Specific_Humidity_In_Foliage/gKg-1',real(qaf*1000,real64))

        call json%add(out,'Bowen_Ratio',real(bowen,real64))

        call json%add(out,'Surface_Moisture_Availability',real(f,real64))

        call json%add(out,'Root_Zone_Moisture_Availability',real(fsub,real64))

        call json%add(out,'Stomatal_Resistance/sm-1',real(stom_r,real64))

        call json%add(out,'Vapour_Pressure_Deficit/mbar',real(vfl,real64))

        call json%add(out,'Leaf_Water_Potential/bars',real(psim,real64))

        call json%add(out,'Epidermal_Water_Potential/bars',real(psie,real64))

        call json%add(out,'Ground_Water_Potential/bars',real(psig,real64))

        call json%add(out,'CO2_Flux/micromolesm-2s-1',real(co2_flux,real64))

        call json%add(out,'CO2_Concentration_Canopy/ppmv',real(ccan_concn,real64))

        call json%add(out,'Water_Use_Efficiency',real(water_use_eff,real64))

        call json%add(out,'O3_conc_canopy/ppmv',real(caf,real64))

        call json%add(out,'Global_O3_flux/ugm-2s-1',real(fglobal,real64))

        call json%add(out,'O3_flux_plant/ugm-2s-1',real(flux_plant,real64))

      else

      ! Convert outputs to real64 to be compatible with JSON library.  Min/Max

      ! values are 2**-53..2**53 in JSON so the library only supports kind=real64

        call json%add(out,'Time',real(ptime,real64))

        call json%add(out,'Shortwave Flux/Wm-2',real(swave,real64))

        call json%add(out,'Net Radiation/Wm-2',real(rnet,real64))

        call json%add(out,'Sensible Heat Flux/Wm-2',real(heat,real64))

        call json%add(out,'Latent Heat Flux/Wm-2',real(evap,real64))

        call json%add(out,'Ground Flux/Wm-2',real(g_flux,real64))

        call json%add(out,'Air Temperature 50m/C',real(atemp-Celsius_to_Kelvin,real64))

        call json%add(out,'Air Temperature 10m/C',real(ta-Celsius_to_Kelvin,real64))

        call json%add(out,'Air Temperature Foliage/C',real(air_leaf_t,real64))

        call json%add(out,'Radiometric Temperature/C',real(otemp-Celsius_to_Kelvin,real64))

        call json%add(out,'Wind 50m/kts',real(awind*1.98,real64))

        call json%add(out,'Wind 10m/kts',real(uten*1.98,real64))

        call json%add(out,'Wind in foliage/kts',real(uaf*1.98,real64))

        call json%add(out,'Specific_Humidity_50m/gKg-1',real(q_fine(1)*1000,real64))

        call json%add(out,'Specific_Humidity_10m/gKg-1',real(qa*1000,real64))

        call json%add(out,'Specific_Humidity_In_Foliage/gKg-1',real(qaf*1000,real64))

        call json%add(out,'Bowen_Ratio',real(bowen,real64))

        call json%add(out,'Surface_Moisture_Availability',real(f,real64))

        call json%add(out,'Root_Zone_Moisture_Availability',real(fsub,real64))

        call json%add(out,'Stomatal_Resistance/sm-1',real(stom_r,real64))

        call json%add(out,'Vapour_Pressure_Deficit/mbar',real(vfl,real64))

        call json%add(out,'Leaf_Water_Potential/bars',real(psim,real64))

        call json%add(out,'Epidermal_Water_Potential/bars',real(psie,real64))

        call json%add(out,'Ground_Water_Potential/bars',real(psig,real64))

        call json%add(out,'CO2_Flux/micromolesm-2s-1',real(co2_flux,real64))

        call json%add(out,'CO2_Concentration_Canopy/ppmv',real(ccan_concn,real64))

        call json%add(out,'Water_Use_Efficiency',real(water_use_eff,real64))

        call json%add(out,'O3_conc_canopy/ppmv',real(caf,real64))

        call json%add(out,'Global_O3_flux/ugm-2s-1',real(fglobal,real64))

        call json%add(out,'O3_flux_plant/ugm-2s-1',real(flux_plant,real64))

      endif

    end if

  !10  FORMAT (F5.2,1x,5(F7.2,1X),1x,10(F5.2,1x)                           &

  !            ,1x,F7.3,1x,2(F5.3),1X,F6.1,1x,F5.2,1x,2(F6.2,1x),          &

  !            F6.3,1x,2(F6.2,1x),4(f5.3,1x))

    return

  end subroutine output

end module out_mod


******************************  File ozone.f90  ******************************

subroutine  OZONE
  use simsphere_mod, only: ustar, uten, uaf, xlai, rzascr, chg, ptime, raf, &
                           rcut, rst, caf, coz_air, flux_plant, fglobal,    &
                           sumo3, frveg
  implicit none

  real :: CHAX, PES, RAIR, rag, RROz, the_time, rtot
  real :: fleaf, fmeso, fg, fbare
 
!       INCLUDE 'modvars.h'

!      created 4/5/96; MODIFIED 

!      coz_sfc=  0. suggested value for c4 plants

!      coz_air  50 m above the canopy

  CHAX = USTAR**2 / ( UTEN - UAF )

  PES  = ( XLAI / 2.0 ) + 1.
  RAIR =  1.0 / CHAX + RZASCR
 
  rag = 1 / chg
  RROz = 1.9
       

!     
!     RROz IS DENSITY OF OZONE (KG M-3) AT 20 C
! 
!          *****    ONE MOLE OF OZONE IS 48 GRAMS    *****

!       We don;t apply 1.32 correction for fbare or rair_bare

!        SUBROUTINE ozone COMPUTES OZONE FLUXES, ozone concentration in canopy
!         fluxes: from air to leaf Fleaf
!                 from air to stomatal cavities Fm
!                 from air to ground Fg
!  Total ozone flux from air is sum of above three
!   Total ozone flux from air to leaf is sum of first two
!      Flux from air to leaf surface scaled by lai only - 2 sides of leaf
!      Flux from air to interior of leaf scaled by lai /pes one sided stomates
!     Concentration of ozone in canopy CO3af depends on all three fluxes

!     WE FOLLOW CLOSELY THE SUBROUTINE CO2FLX IN PSUBAMS.
!     Ozone diffusivity approximately the same as that of CO2
!           Use same resistances as those for CO2 flux
! 

!       surface OZONE CONCENTRATION ON LEAF; assume = 0
!      - COz_air IS AMBIENT OZONE CONCENTRATION ABOVE CANOPY
!     This is typically 0.04 to 0.12 ppmv 
!    MULTIPLY CONCENTRATIONS BY 10-6 TO GET proper units kg / m2 /s
!    Fluxes typically order of 0.2 micrograms per meter square per second

!   RESISTANCES FOR STOMATAL RESISTANCE (RST)
!                   LEAF BOUNDARY LAYER (RAF)
!                   TOP OF CANOPY (1/CHAX) TO 2 METERS
!                   SCREEN LEVEL (2 M) TO 50 METERS (RZASCR)
!   
!       LEAF BOUNDARY LAYER RESISTANCE RAF CORRECTED FOR OZONE MOLECULAR
!                   DIFFUSIVITY  (S M-1): FACTOR OF 1.32
!   stomatal resistance scaled by 1.66 as in co2 flux
!   
  the_time = ptime

        

!    rair governs flux from above canopy to interior outside leaf boundary     

  rtot = 1 / ( 1 / ((raf + rcut) * 1.32 /(2 * xlai))  + 1 /(raf         &
         * 1.32 * pes /xlai + rst  * 1.66 * pes / xlai ) + 1 / ( rag * 1.32 ))
          
  caf = coz_air / ( 1 + rair / rtot)
 
  fleaf = rroz * caf / (( raf + rcut) * 1.32 / (2 * xlai )) *1e3
!       Fleaf is flux of ozone to leaf, two sides

  fmeso = rroz*caf/((1.32*raf*pes/xlai)+(1.66 * rst * pes / xlai))
  fmeso=fmeso * 1e3   
!     Fmeso is flux of ozone into stomates
     
  fg = rroz* caf / (rag * 1.32) *1e3
!        Fg is flux of ozone into ground

  flux_plant = fleaf + fmeso
!        Flux_ plant is total flux into plant: leaf and stomate

!        caf is concentration of ozone in canopy, ppmv
           
!         No adjustment made for fractional vegetation cover
 
  fbare = rroz* coz_air / sumo3 *1e3
!       Fbare is the flux of ozone over bare soil fraction

  fglobal = (flux_plant+ fg) * frveg + fbare* (1 - frveg)
!       Fglobal is total flux weighted for vegetation and bare soil fractions

!       UNITS OF FLUX  (FOZONE) ARE KG (OZONE) PER METER SQUARED PER SECOND
!         IN CONCENTRATION (Coz_air)  PARTS VOLUME PER MILLION (VPM)
!         Multiply by 10**9 to get in micrograms per meter per second
!         

      
!     
  return
end


******************************  File prfile.f90  ******************************

subroutine  PRFILE

  use simsphere_mod, only: awind, advgt, advect, u_fine, v_fine, t_fine, &

                           q_fine, ud, vd, td, qd

  implicit none

  integer :: incr, i, j

  real :: rlinear

! This routine generates the daytime and night-time vertical wind

! profiles of the geostrophic wind components at intervals of 250m

! from 50 m (top of sfc layer), from the surface geostrophic winds.

! Calculated in 3 different ways; specified by user.

!      INCLUDE 'modvars.h'

  j = 1

  u_fine(1) = ud(1)

  v_fine(1) = vd(1)

  t_fine(1) = td(1)

  q_fine(1) = qd(1)

  do i = 1,10

    do incr = 1,5

      j = j +1  

      u_fine(j) = rlinear(ud(i+1),ud(i),incr) 

      v_fine(j) = rlinear(vd(i+1),vd(i),incr)

      t_fine(j) = rlinear(td(i+1),td(i),incr)

      q_fine(j) = rlinear(qd(i+1),qd(i),incr)   

    end do

  end do

  CALL INTPOL

!  CALL ADVECT

  advgt=advect()

! Calc the initial value of the wind at 50 metres .... Vel, Bri.

  AWIND = SQRT(UD(1)**2+VD(1)**2)

  return

end


******************************  File psgcal.f90  ******************************

subroutine  PSGCAL

  use simsphere_mod, only: thmax, thv, psis, cosbyb, psig

  implicit none

  real :: perwmax, perw2g, rlogpsig, rnpsig

!
REAL RLOGPSIL

!      INCLUDE 'modvars.h'

! **  Calculates the conductivity of the soil

! **  Cosby curves and coefficients (1984)

!  Field Capacity(75% of THMAX) used instead of THMAX.  Lower value

!  felt to fit local measurements better than the fit with tabulated

!  values.

! **  convert ground water contents to percents

  PERWMAX = THMAX * 100 * 0.75

  PERW2G = THV * 100

  RLOGPSIG = ALOG10 ( PSIS ) + COSBYB * ALOG10 ( PERWMAX )              &

             - COSBYB * ALOG10 ( PERW2G )

! * * psig is positive in this program

  RNPSIG = 10 ** ( RLOGPSIG )

! * * convert cm to bars

  PSIG = -RNPSIG / 1020

  return

end


******************************  File pslcal.f90  ******************************

subroutine  PSLCAL (SGMA, PES, init)

  use simsphere_mod

  implicit none

  real :: SGMA, RKW, PES

  real :: UNITS1, UNITS2, ZEFF, ZTOT, b1_p, b2_p, HBAR, H, Unscaled_RAF

  real :: RSTDIV, AROOT, BROOT, CROOT, Q_Boundary, ActSqrt, vfl2

  integer(kind=1) :: init

!      INCLUDE 'modvars.h'

!  data init  /1/

! **  a program that finds leaf water potential analytically.

!    17 June 1992 - b1_p and b2_p are defined differently from original

!    Lynn and Carlson article. To allow RMIN to be a true scaling coeff

!    for the Stomatal Resistance.

! **  Explanation of conversion factors

! **  gma = (p*cp)/(0.622*Le) = .66 mb c-1

! **  Leef = roe*le*v/(rl + raf)

! **  substitute for Le

! **  Leef = (roe*cp/gma) * v/(rl + raf)

! **  e = q*(P-e)/0.622  = q*p/0.622

! **  p is set equal to a ps1 (mbs) below

! **  note sensible flux = roe*cp*delta t /rs

! **  note conversion to latent flux is roe * cp * delta e/(rs * gma)

! **  roe =[kg/m***3]

! **  Cp = 1005 J/kg-k

! **  SET THV = W2G)

  THV = W2G

  FS = stomfs(sc,sol)

! **  following is Choudhury and Idso's adaptation for zg

! **  units is a conversion factor from s given in Choudhury to

! **  bar/(w/m**2).

  UNITS2 = 0.4E-10

! **  vegheight (h) is the height of the plants in meters

! **  zeff is the effective rooting depth taken as 1/2 h

  ZEFF = .5 * VEGHEIGHT

  RKW = cond()

  ZG = ( 0.0013 / ( ZEFF * RKW ) ) * UNITS2

  ZTOT = ZP + ZG

! **  Compute the total soil-root and root-xylem resistance.

! **  Frht is fraction of height below the intersection point

! **  of the storage area with the xylem

! **  FPM represents the height of the tree above the

! **  intersection point.

! **  Following is the adaptation of FW using the weight of the column

! **  of water after Federer (1982)

! **  This makes an adjustment for the height of the column.

! **  the density of water is 1000kg/m**3

! **  the acceleartion of gravity is 9.8m/s**2

! **  we need the average height of the plant or the weighted mean

! **  height which is the displacement or the geometric height.  The

! **  The displacement height is set at 0.67 times the height of the

! **  vegetation.

! **  units1 is a conversion factor from kg/s**2 to bars

  b1_p = B1*RMIN

  b2_p = B2*RMIN

  HBAR = VEGHEIGHT * 0.67

  UNITS1 = 1E-5

  H = RHOW * GRAV * HBAR * UNITS1

  Unscaled_RAF = RAF * XLAI / PES ! Per Leaf Area

!  CALL PSGCAL

  psig = psgcal(thmax,thv,cosbyb,psis)

  RSCRIT = stomc(ft,rmin,b1,psice,fs)

  if (init == 1) then

    vfl2 = vfl

    init = 2

  else

    Q_boundary = (qstf/rst + qaf/raf) / (1/raf + 1/rst)

    vfl2 = (qstf - Q_boundary) * ps1/0.622

  endif

  IF (STEADY == 'N') THEN ! capacitance solution

    call capac (Unscaled_RAF,H,B1_P,B2_P,vfl2, sgma)

  ELSE ! Steady State (non-capacitance = Yes) solution

    RSTDIV =  Unscaled_RAF + (RCUT * RSCRIT) / (RCUT + RSCRIT)

    PSIWC = SGMA * VFL * ZTOT / RSTDIV +  PSICE + BETA * vfl2 + H

    PSISUP = PSIG

    IF (PSISUP > PSIWC) THEN

      AROOT = FS * FT * b1_p * (RCUT + Unscaled_RAF) *  (-1)

       BROOT =   FS * FT * (RCUT + Unscaled_RAF) * ( -RMIN + b1_p *     &

                 ( PSIG - BETA * vfl2 - H - ZTOT * SGMA * VFL /         &

                 ( RCUT + Unscaled_RAF) ) ) - RCUT * Unscaled_RAF

       CROOT =   FS * FT * (RCUT + Unscaled_RAF) * RMIN * ( PSIG        &

                 - BETA * vfl2 - H - ZTOT * SGMA * VFL                  &

                 / ( RCUT + Unscaled_RAF ) )                            &

                 + RCUT * Unscaled_RAF * ( PSIG - BETA * vfl2 - H )     &

                 - RCUT * ZTOT * SGMA * VFL

    ELSE

      AROOT = FS * FT * b2_p * ( RCUT + Unscaled_RAF )

      BROOT = FS * FT *  ( RCUT + Unscaled_RAF ) * ( -1 * ( RMIN        &

              + b1_p * PSICE + b2_p * PSICE)                            &

              - b2_p * ( PSIG - BETA * vfl2 - H - ZTOT * SGMA           &

              * VFL / (RCUT + Unscaled_RAF) ) ) - RCUT * Unscaled_RAF

      CROOT = FS * FT* (RCUT + Unscaled_RAF) * (RMIN + b1_p * PSICE     &

              + b2_p * PSICE ) * ( PSIG - BETA * vfl2 - H               &

              - ZTOT * SGMA * VFL / ( RCUT + Unscaled_RAF ) )           &

              + RCUT * Unscaled_RAF * ( PSIG - BETA * vfl2 - H )        &

              - RCUT * ZTOT * SGMA * VFL

    END IF

    ACTSQRT  = BROOT ** 2 - 4 * AROOT * CROOT

    PSIE = ( -BROOT - SQRT ( ACTSQRT ) ) / (2 * AROOT )

    PSIM = PSIE + BETA * vfl2

    RS = stomrs(ft,tf,rmin,mintemp,maxtemp,psisup,psiwc,b1,b2,psie,psice,fs)

  END IF  ! End of STEADY Loop

! * * STRESS INDICES

  WPSI = PSIWC - PSISUP

  RLPSI = PSICE - PSIE

  RETURN

END


******************************  File psoil.f90  ******************************

subroutine  PSOIL

  use simsphere_mod

  implicit none

  real :: OMA, SFFK, ZETA, XINCR, CORR

  integer :: NLVL1, I, II

!      INCLUDE 'modvars.h'

!  DATA OMA , SFFK / 0.0000727 , 4 /

  OMA = 0.0000727

  SFFK = 4.0

  ZETA = 0.0

  DZETA = 1.0

! Calc. LAMBDA, KAPPA & Volumetric Heat Capacity of the ground (CG).

! See manual for explanation of Lamda & Kappa.

! Rob Gillies 01/11/95

! The Thermal Inertia (TP) is entered in TI (Wm-2K-1) units

! Convert to cgs to be able to use regression equation derived

! from Sellers. This regression equation should be redone with

! MKS units which will then prevent all this cafuffle !!

!      INITIATE DUAL TI OPTION BY TNC DAJR, 15 MARCH, 1996

  IF (DUAL_TI == 'Y') THEN

    TP = TI_A * F + TI_B

  ENDIF

  TP = TP / 356.89466 ! Conversion to cal cm-1 K-1 s-1/2

! These are TP as a function of the surface moisture availability

!    TP  = F * 0.04000 + 0.02000 !  Toby's Generic Soil

!       TP  = F * 0.03000 + 0.03400 !  Toby's FIFE Soil

!       TP  = F * 0.04600 + 0.01400 !  Price's Sand

!       TP  = F * 0.03890 + 0.01290 !  Price's Clay

!        TP  = F * 0.04241 + 0.01349 !  Price's AVG(Sand,Clay)

!      TP  = F * 0.03000 + 0.00690 !  Price's Peat

!  TP = F * 0.04600 + 0.04500  !  Walnut Gultch

  LAMBDA = -0.00013 + 0.0502 * TP + 1.21 * TP**2

  KAPPA = LAMBDA**2 / TP**2

  KAPPA = KAPPA/1.0E4 ! NOW CONVERT TO MKS; TP ENTERED IN CGS

  LAMBDA = LAMBDA * 418.68

  CG = LAMBDA / KAPPA

! Find the best depth profile as a function of Kappa.

! The followig calcs are used in BELOW.  Creates a temp profile

! in the soil. Figure levels using scheme by Deardroff.

! DEL is set to numerically stable value.

! Initial temp's at substrate levels (NLVLS) calc'd based on

! a linear interpolation between OTEMP & BTEMP.

  NLVL1 = NLVLS + 1

  DEL = SQRT( SFFK * DELTA * KAPPA ) / ( EXP(DZETA) - 1 )

  XINCR = ( BTEMP - OTEMP ) / NLVLS

  TT(1) = OTEMP

  TT(NLVL1) = BTEMP

  do II = 2 , NLVLS

    TT(II) = TT(II-1) + XINCR

  end do

! Here the substrate spacing ( depth ) is being calc'd based on the

! on the scale depth (h = (1+z/d).

  do I = 1 , NLVL1

    Z(I) = (EXP( ZETA ) - 1 ) * DEL

    XFUN(I) = ( 1 + Z(I) / DEL )

    ZETA = ZETA + DZETA

  end do

! Correction of LAMBDA to account for reduction in temp wave in 1st

! soil layer. Consult manual for explanation.

! Label identified as unused by compiler

!** 7678 CONTINUE

  CORR = 2 / ( 1 + EXP( -Z(2) * SQRT( OMA / ( 2 * KAPPA ) ) ) )

  LAMBDA = CORR * LAMBDA

! Initialise W2G and WGG, the substrate water budget patameters.

! Deardorff (1978).

   W2G = WMAX * FSUB

   WGG = WMAX * F

   return

end


******************************  File simsphere_mod.f90  ******************************

module simsphere_mod

  use config_mod, only: t_met, t_timeloc, t_veg, t_wind, t_soil, t_temp,    &

                        t_windsnd, load_config

  use constants

  use globals

  use snding_mod, only: splint, spline

  use transm_mod, only: ftabsT, ftscatT, fbscatT, ABSTBL, SCATBL, BSCTBL, PS1

  use vel_mod, only: You_star, R_ohms, WindF, Stab, StabH, FStabH, FStabM, ResTrn, MOL

  use stomata_mod, only: stomc, stomfs, stomrs

  use compare, only: eq, gt, lt

  use json_module

  use iso_fortran_env, only: real64, error_unit

  implicit none

!  private

  public :: advect 

  public :: co2flx

  public :: cond

  public :: output 

  public :: ozone

  public :: psgcal

!  public :: smooth

  public :: veghot 

!

! Simsphere module provides subroutines and functions implementing the model

! components.  It also provides constants, data structures, and global variables.

!

! This module was originally three "header" files: constants.h, factors.h, and 

! modvars.h.  These files were used via an INCLUDE (or, originally, $INCLUDE for a

! suspected DEC compiler).  The contents have been collected into this module in

! an initial effort to modernize the code.

!

  contains

!

! advect function replaces ADVECT subroutine

!

    real pure function advect ()

      implicit none

      real, parameter :: dz = 1000

      real :: dtdx, dtdy

      dtdx = cf * otemp / (grav * dz) * (vgd(5) - vgd(1))

      dtdy = -cf * otemp / (grav * dz) * (ugd(5) - ugd(1))

      advect = (-(ugd(3) * dtdx + vgd(3) * dtdy))/2

    end function advect

!

! cond function replaces COND subroutine

!

    real pure function cond ()

      implicit none

      !  program units are in m/s

      !  Use Field Capacity water content 75% that of THMAX.

      cond = (6.9E-6) * RKS * (THV / (THMAX*0.75)) ** (2*COSBYB +2)

    end function cond

!

! OUTPUT is called on every iteration of main loop.  It performs final

! calculations and conversions before adding output data to JSON object.

!

    subroutine  output(json, out, outputinit)

      implicit none

    ! Here we finally get around to printing out the variables.

      real, parameter :: Undefined = 0.0

      real :: G_Flux=0.0, Bowen=0.0, air_leaf_T=0.0

      real :: PES=0.0, Stom_R=0.0, co2_flux=0.0, ccan_concn=0.0, Water_Use_Eff=0.0

      integer :: outputinit

      type(json_core) :: json

      type(json_value), pointer :: out

    !      INCLUDE 'modvars.h'

    ! Write the Header Information

      G_Flux = Rnet - Heat - Evap

      Bowen = Heat/Evap

      If (Bowen < 0.0) Bowen = undefined

      If (.not. eq(FRVEG,0.0)) then

        air_leaf_T = TAF - Celsius_to_Kelvin

    !ground_T = TG - Celsius_to_Kelvin

      else

        air_leaf_T = undefined

    !ground_T = undefined

        vfl = undefined

      end if

      PES = ( XLAI / 2.0 ) + 1

      Stom_R = RS * PES / XLAI

      co2_flux = fco2*1e6

      ccan_concn = ccan*1e6

      Water_Use_Eff = (co2_flux*4.4e-8)/(xlef/le)

      if (outputinit .eq. 1) then

        if (writeTXT) then
        WRITE (11,*) 'TIME: Local time (hours)'

        WRITE (11,*) 'SWF: Shortwave_Flux (W m-2)'

        WRITE (11,*) 'NETRAD: Net_Radiation (W m-2)'

        WRITE (11,*) 'SENS: Sensible_Heat_Flux (W m-2)'

        WRITE (11,*) 'LE: Latent_Heat_Flux (W m-2)'

        WRITE (11,*) 'GRF: Ground_Flux (W m-2)'

        WRITE (11,*) 'T50: Air_Temperature_50m (C)'

        WRITE (11,*) 'T10: Air_Temperature_10m (C)'

        WRITE (11,*) 'TFOL: Air_Temperature_Foliage (C)'

        WRITE (11,*) 'TRAD: Radiometric_Temperature (C)'

        WRITE (11,*) 'W50: Wind_50_Meters (Kts)'

        WRITE (11,*) 'W10: Wind_10_Meters (Kts)'

        WRITE (11,*) 'WFOL: Wind_In_Foliage (Kts)'

        WRITE (11,*) 'SH50: Specific_Humidity_50m (g Kg-1)'

        WRITE (11,*) 'SH10: Specific_Humidity_10m (g Kg-1)'

        WRITE (11,*) 'SHFOL: Specific_Humidity_In_Foliage (g Kg-1)'

        WRITE (11,*) 'BOW: Bowen_Ratio'

        WRITE (11,*) 'SMA: Surface_Moisture_Availability'

        WRITE (11,*) 'RZMA: Root_Zone_Moisture_Availability'

        WRITE (11,*) 'STMR: Stomatal_Resistance (s m-1)'

        WRITE (11,*) 'VPDEF: Vapour_Pressure_Deficit (mbar)'

        WRITE (11,*) 'LWPOT: Leaf_Water_Potential (bars)'

        WRITE (11,*) 'EWPOT: Epidermal_Water_Potential (bars)'

        WRITE (11,*) 'GWPOT: Ground_Water_Potential (bars)'

        WRITE (11,*) 'CO2F: CO2_Flux (micromoles m-2 s-1)'

        WRITE (11,*) 'CO2CAN: CO2_Concentration_Canopy (ppmv)'

        WRITE (11,*) 'WATEFF: Water_Use_Efficiency'

        WRITE (11,*) 'O3CAN: O3_conc_canopy (ppmv)'

        WRITE (11,*) 'GBLO3: Global_O3_flux (ug m-2 s-1)'

        WRITE (11,*) 'O3F: O3_flux_plant (ug m-2 s-1)'

        WRITE (11,9)

9       FORMAT(/' TIME    SWF   NETRAD    SENS    LE      GRF', &

          '    T50   T10', &

          '   TFOL TRAD', &

          '   W50   W10   WFOL  SH50  SH10 SHFOL ', &

          '    BOW   SMA  RZMA', &

          '    STMR  VPDEF  LWPOT EWPOT   GWPOT     CO2F ', &

          ' CO2CAN', &

          '    WATEFF   O3CAN  GBLO3   O3F'/)

        endif


        outputinit = 2

      endif

    !TJC  There doesn't seem to be any difference between these three output

    !TJC  cases.  They're intended to serve different purposes, but the same

    !TJC  calculations are done to the same variables during the write().

      if (rnet <= 0 .OR. swave <= 0) then

      ! Night

      ! No Vegetation Response

      ! Convert outputs to real64 to be compatible with JSON library.  Min/Max

      ! values are 2**-53..2**53 in JSON so the library only supports kind=real64

        call json%add(out,'Time',real(ptime,real64))

        call json%add(out,'Shortwave Flux/Wm-2',real(swave,real64))

        call json%add(out,'Net Radiation/Wm-2',real(rnet,real64))

        call json%add(out,'Sensible Heat Flux/Wm-2',real(heat,real64))

        call json%add(out,'Latent Heat Flux/Wm-2',real(evap,real64))

        call json%add(out,'Ground Flux/Wm-2',real(g_flux,real64))

        call json%add(out,'Air Temperature 50m/C',real(atemp-Celsius_to_Kelvin,real64))

        call json%add(out,'Air Temperature 10m/C',real(ta-Celsius_to_Kelvin,real64))

        call json%add(out,'Air Temperature Foliage/C',real(air_leaf_t,real64))

        call json%add(out,'Radiometric Temperature/C',real(otemp-Celsius_to_Kelvin,real64))

        call json%add(out,'Wind 50m/kts',real(awind*1.98,real64))

        call json%add(out,'Wind 10m/kts',real(uten*1.98,real64))

        call json%add(out,'Wind in foliage/kts',real(uaf*1.98,real64))

        call json%add(out,'Specific_Humidity_50m/gKg-1',real(q_fine(1)*1000,real64))

        call json%add(out,'Specific_Humidity_10m/gKg-1',real(qa*1000,real64))

        call json%add(out,'Specific_Humidity_In_Foliage/gKg-1',real(qaf*1000,real64))

        call json%add(out,'Bowen_Ratio',real(bowen,real64))

        call json%add(out,'Surface_Moisture_Availability',real(f,real64))

        call json%add(out,'Root_Zone_Moisture_Availability',real(fsub,real64))

        call json%add(out,'Stomatal_Resistance/sm-1',real(stom_r,real64))

        call json%add(out,'Vapour_Pressure_Deficit/mbar',real(vfl,real64))

        call json%add(out,'Leaf_Water_Potential/bars',real(psim,real64))

        call json%add(out,'Epidermal_Water_Potential/bars',real(psie,real64))

        call json%add(out,'Ground_Water_Potential/bars',real(psig,real64))

        call json%add(out,'CO2_Flux/micromolesm-2s-1',real(co2_flux,real64))

        call json%add(out,'CO2_Concentration_Canopy/ppmv',real(ccan_concn,real64))

        call json%add(out,'Water_Use_Efficiency',real(water_use_eff,real64))

        call json%add(out,'O3_conc_canopy/ppmv',real(caf,real64))

        call json%add(out,'Global_O3_flux/ugm-2s-1',real(fglobal,real64))

        call json%add(out,'O3_flux_plant/ugm-2s-1',real(flux_plant,real64))

        if (writeTXT) then
         WRITE (11,10) PTIME,SWAVE,RNET,HEAT,EVAP,G_Flux, &

              atemp-273.15,ta-273.15,air_leaf_T,OTEMP-273.15, &

              awind*1.98, uten*1.98, uaf*1.98, &

              Q_Fine(1)*1000, QA*1000, QAF*1000, &

              Bowen, F, FSUB, Stom_R, vfl, psim, psie, psig, &

              co2_flux, ccan_concn, Water_Use_Eff,caf,fglobal, &

              flux_plant

        endif
    

      else

      ! Day

        if (heat > 0) then

        ! Convert outputs to real64 to be compatible with JSON library.  Min/Max

        ! values are 2**-53..2**53 in JSON so the library only supports kind=real64

          call json%add(out,'Time',real(ptime,real64))

          call json%add(out,'Shortwave Flux/Wm-2',real(swave,real64))

          call json%add(out,'Net Radiation/Wm-2',real(rnet,real64))

          call json%add(out,'Sensible Heat Flux/Wm-2',real(heat,real64))

          call json%add(out,'Latent Heat Flux/Wm-2',real(evap,real64))

          call json%add(out,'Ground Flux/Wm-2',real(g_flux,real64))

          call json%add(out,'Air Temperature 50m/C',real(atemp-Celsius_to_Kelvin,real64))

          call json%add(out,'Air Temperature 10m/C',real(ta-Celsius_to_Kelvin,real64))

          call json%add(out,'Air Temperature Foliage/C',real(air_leaf_t,real64))

          call json%add(out,'Radiometric Temperature/C',real(otemp-Celsius_to_Kelvin,real64))

          call json%add(out,'Wind 50m/kts',real(awind*1.98,real64))

          call json%add(out,'Wind 10m/kts',real(uten*1.98,real64))

          call json%add(out,'Wind in foliage/kts',real(uaf*1.98,real64))

          call json%add(out,'Specific_Humidity_50m/gKg-1',real(q_fine(1)*1000,real64))

          call json%add(out,'Specific_Humidity_10m/gKg-1',real(qa*1000,real64))

          call json%add(out,'Specific_Humidity_In_Foliage/gKg-1',real(qaf*1000,real64))

          call json%add(out,'Bowen_Ratio',real(bowen,real64))

          call json%add(out,'Surface_Moisture_Availability',real(f,real64))

          call json%add(out,'Root_Zone_Moisture_Availability',real(fsub,real64))

          call json%add(out,'Stomatal_Resistance/sm-1',real(stom_r,real64))

          call json%add(out,'Vapour_Pressure_Deficit/mbar',real(vfl,real64))

          call json%add(out,'Leaf_Water_Potential/bars',real(psim,real64))

          call json%add(out,'Epidermal_Water_Potential/bars',real(psie,real64))

          call json%add(out,'Ground_Water_Potential/bars',real(psig,real64))

          call json%add(out,'CO2_Flux/micromolesm-2s-1',real(co2_flux,real64))

          call json%add(out,'CO2_Concentration_Canopy/ppmv',real(ccan_concn,real64))

          call json%add(out,'Water_Use_Efficiency',real(water_use_eff,real64))

          call json%add(out,'O3_conc_canopy/ppmv',real(caf,real64))

          call json%add(out,'Global_O3_flux/ugm-2s-1',real(fglobal,real64))

          call json%add(out,'O3_flux_plant/ugm-2s-1',real(flux_plant,real64))

         if (writeTXT) then
         WRITE (11,10) PTIME,SWAVE,RNET,HEAT,EVAP,G_Flux, &

              atemp-273.15,ta-273.15,air_leaf_T,OTEMP-273.15, &

              awind*1.98, uten*1.98, uaf*1.98, &

              Q_Fine(1)*1000, QA*1000, QAF*1000, &

              Bowen, F, FSUB, Stom_R, vfl, psim, psie, psig, &

              co2_flux, ccan_concn, Water_Use_Eff,caf,fglobal, &

              flux_plant

         end if


        else

        ! Convert outputs to real64 to be compatible with JSON library.  Min/Max

        ! values are 2**-53..2**53 in JSON so the library only supports kind=real64

          call json%add(out,'Time',real(ptime,real64))

          call json%add(out,'Shortwave Flux/Wm-2',real(swave,real64))

          call json%add(out,'Net Radiation/Wm-2',real(rnet,real64))

          call json%add(out,'Sensible Heat Flux/Wm-2',real(heat,real64))

          call json%add(out,'Latent Heat Flux/Wm-2',real(evap,real64))

          call json%add(out,'Ground Flux/Wm-2',real(g_flux,real64))

          call json%add(out,'Air Temperature 50m/C',real(atemp-Celsius_to_Kelvin,real64))

          call json%add(out,'Air Temperature 10m/C',real(ta-Celsius_to_Kelvin,real64))

          call json%add(out,'Air Temperature Foliage/C',real(air_leaf_t,real64))

          call json%add(out,'Radiometric Temperature/C',real(otemp-Celsius_to_Kelvin,real64))

          call json%add(out,'Wind 50m/kts',real(awind*1.98,real64))

          call json%add(out,'Wind 10m/kts',real(uten*1.98,real64))

          call json%add(out,'Wind in foliage/kts',real(uaf*1.98,real64))

          call json%add(out,'Specific_Humidity_50m/gKg-1',real(q_fine(1)*1000,real64))

          call json%add(out,'Specific_Humidity_10m/gKg-1',real(qa*1000,real64))

          call json%add(out,'Specific_Humidity_In_Foliage/gKg-1',real(qaf*1000,real64))

          call json%add(out,'Bowen_Ratio',real(bowen,real64))

          call json%add(out,'Surface_Moisture_Availability',real(f,real64))

          call json%add(out,'Root_Zone_Moisture_Availability',real(fsub,real64))

          call json%add(out,'Stomatal_Resistance/sm-1',real(stom_r,real64))

          call json%add(out,'Vapour_Pressure_Deficit/mbar',real(vfl,real64))

          call json%add(out,'Leaf_Water_Potential/bars',real(psim,real64))

          call json%add(out,'Epidermal_Water_Potential/bars',real(psie,real64))

          call json%add(out,'Ground_Water_Potential/bars',real(psig,real64))

          call json%add(out,'CO2_Flux/micromolesm-2s-1',real(co2_flux,real64))

          call json%add(out,'CO2_Concentration_Canopy/ppmv',real(ccan_concn,real64))

          call json%add(out,'Water_Use_Efficiency',real(water_use_eff,real64))

          call json%add(out,'O3_conc_canopy/ppmv',real(caf,real64))

          call json%add(out,'Global_O3_flux/ugm-2s-1',real(fglobal,real64))

          call json%add(out,'O3_flux_plant/ugm-2s-1',real(flux_plant,real64))

         if (writeTXT) then
         WRITE (11,10) PTIME,SWAVE,RNET,HEAT,EVAP,G_Flux, &

              atemp-273.15,ta-273.15,air_leaf_T,OTEMP-273.15, &

              awind*1.98, uten*1.98, uaf*1.98, &

              Q_Fine(1)*1000, QA*1000, QAF*1000, &

              Bowen, F, FSUB, Stom_R, vfl, psim, psie, psig, &

              co2_flux, ccan_concn, Water_Use_Eff,caf,fglobal, &

              flux_plant

         end if


        endif

      end if

  10  FORMAT (F5.2,1X,5(F7.2,1X),1X,10(F5.2,1X) &

              ,1X,F7.3,1X,F5.3,1X,F5.3,1X,F6.1,1X,F5.2,1X,2(F6.2,1X), &

              G9.3E1,1X,F7.3,1X,F6.2,2X,G9.3E1,1X,3(F6.3,1X))

      return

    end subroutine output

! VEGHOT

    subroutine  VEGHOT (B,Heatv)

!      use simsphere_mod, only: dens, cp, chf, tf, taf, lambda, tt, z, hg, rnetg, &

!                               xleg, chg, hf

      implicit none

      real :: B, Heatv, HFN, AVEG

    !      INCLUDE 'modvars.h'

      HFN = DENS * CP * CHF * (TF - TAF)

      HF  = (HF + HFN) / 2

      AVEG = ( LAMBDA * ( TAF - TT(2) ) ) / Z(2)

    !      VGDENS = PS1 * 100 / (R * TAF )

      HG = ( RNETG - XLEG - AVEG ) / ( 1 + B / CHG )

      HEATV = HG + HF

      call CO2FLX

      call ozone

      return

    end subroutine VEGHOT

!    subroutine average(T_Unsmoothed, T_smoothed)

!      implicit none

!    

!      real :: av_array(4)=0.0, sum_array=0.0, T_Unsmoothed, T_smoothed

!      integer :: init=1, i=0, j=0, k=0

!    

!    !  data init /1/

!    

!      if (init == 1) then ! fill all 4 elements with initial value of otemp

!    

!        do i = 1,4

!          av_array(i) = T_Unsmoothed

!        end do

!      

!        init = 2

!    

!      else

!    

!        do j = 2,4

!          av_array(j-1) = av_array(j)

!        end do

!    

!        av_array(4) = T_Unsmoothed

!    

!      endif

!    

!      sum_array = 0

!      do k = 1,4

!        sum_array = av_array(k) + sum_array

!      end do

!    

!      T_smoothed = sum_array / 4

!    

!      return

!    end subroutine average

! smooth() is a replacement function for AVERAGE.

!    real pure function smooth(unsmooth)

!      real, intent(in) :: unsmooth

!      real :: av_array(4), sum_array

!      integer :: init, i, j, k

!

!      init = 1

!      av_array(4) = 0.0

!      sum_array = 0.0

!

!      !TJC When will init not be 1?  Never...

!      if (init == 1) then ! fill all 4 elements with initial value of otemp

!        do i = 1,4

!          av_array(i) = unsmooth

!        end do

!        init = 2

!

!      else

!        do j = 2,4

!          av_array(j-1) = av_array(j)

!        end do

!        av_array(4) = unsmooth

!      end if

!

!      sum_array = 0

!      do k = 1,4

!        sum_array = av_array(k) + sum_array

!      end do

!      smooth = sum_array/4

!

!    end function smooth

! psgcal() is a function to replace subroutine PSGCAL

    real pure function psgcal(thmax,thv,cosbyb,psis)

      real, intent(in) :: thmax, thv, cosbyb, psis

      real :: perwmax, perw2g, rlogpsig, rnpsig

    ! **  Calculates the conductivity of the soil

    ! **  Cosby curves and coefficients (1984)

    !  Field Capacity(75% of THMAX) used instead of THMAX.  Lower value

    !  felt to fit local measurements better than the fit with tabulated

    !  values.

    ! **  convert ground water contents to percents

      perwmax = thmax * 100 * 0.75

      perw2g = thv * 100

      rlogpsig = alog10(psis) + cosbyb * alog10(perwmax) - cosbyb * alog10(perw2g)

    ! * * psig is positive in this program

      rnpsig = 10**(rlogpsig)

    ! * * convert cm to bars

      psgcal = -rnpsig / 1020

    end function psgcal

! PSGCAL

!    subroutine  psgcal

!      implicit none

!    

!      real :: perwmax, perw2g, rlogpsig, rnpsig

!    

!    !
REAL RLOGPSIL

!    

!    !      INCLUDE 'modvars.h'

!    

!    ! **  Calculates the conductivity of the soil

!    ! **  Cosby curves and coefficients (1984)

!    

!    !  Field Capacity(75% of THMAX) used instead of THMAX.  Lower value

!    !  felt to fit local measurements better than the fit with tabulated

!    !  values.

!    

!    ! **  convert ground water contents to percents

!    

!      PERWMAX = THMAX * 100 * 0.75

!      PERW2G = THV * 100

!      RLOGPSIG = ALOG10 ( PSIS ) + COSBYB * ALOG10 ( PERWMAX )              &

!                 - COSBYB * ALOG10 ( PERW2G )

!    

!    ! * * psig is positive in this program

!    

!      RNPSIG = 10 ** ( RLOGPSIG )

!    

!    

!    ! * * convert cm to bars

!    

!      PSIG = -RNPSIG / 1020

!    

!      return

!    end subroutine psgcal

! OZONE

    subroutine  OZONE

      implicit none

      real :: CHAX, PES, RAIR, rag, RROz, the_time, rtot

      real :: fleaf, fmeso, fg, fbare

    !       INCLUDE 'modvars.h'

    !      created 4/5/96; MODIFIED 

    !      coz_sfc=  0. suggested value for c4 plants

    !      coz_air  50 m above the canopy

      CHAX = USTAR**2 / ( UTEN - UAF )

      PES  = ( XLAI / 2.0 ) + 1.

      RAIR =  1.0 / CHAX + RZASCR

      rag = 1 / chg

      RROz = 1.9

    !     

    !     RROz IS DENSITY OF OZONE (KG M-3) AT 20 C

    ! 

    !          *****    ONE MOLE OF OZONE IS 48 GRAMS    *****

    !       We don;t apply 1.32 correction for fbare or rair_bare

    !        SUBROUTINE ozone COMPUTES OZONE FLUXES, ozone concentration in canopy

    !         fluxes: from air to leaf Fleaf

    !                 from air to stomatal cavities Fm

    !                 from air to ground Fg

    !  Total ozone flux from air is sum of above three

    !   Total ozone flux from air to leaf is sum of first two

    !      Flux from air to leaf surface scaled by lai only - 2 sides of leaf

    !      Flux from air to interior of leaf scaled by lai /pes one sided stomates

    !     Concentration of ozone in canopy CO3af depends on all three fluxes

    !     WE FOLLOW CLOSELY THE SUBROUTINE CO2FLX IN PSUBAMS.

    !     Ozone diffusivity approximately the same as that of CO2

    !           Use same resistances as those for CO2 flux

    ! 

    !       surface OZONE CONCENTRATION ON LEAF; assume = 0

    !      - COz_air IS AMBIENT OZONE CONCENTRATION ABOVE CANOPY

    !     This is typically 0.04 to 0.12 ppmv 

    !    MULTIPLY CONCENTRATIONS BY 10-6 TO GET proper units kg / m2 /s

    !    Fluxes typically order of 0.2 micrograms per meter square per second

    !   RESISTANCES FOR STOMATAL RESISTANCE (RST)

    !                   LEAF BOUNDARY LAYER (RAF)

    !                   TOP OF CANOPY (1/CHAX) TO 2 METERS

    !                   SCREEN LEVEL (2 M) TO 50 METERS (RZASCR)

    !   

    !       LEAF BOUNDARY LAYER RESISTANCE RAF CORRECTED FOR OZONE MOLECULAR

    !                   DIFFUSIVITY  (S M-1): FACTOR OF 1.32

    !   stomatal resistance scaled by 1.66 as in co2 flux

    !   

      the_time = ptime

    !    rair governs flux from above canopy to interior outside leaf boundary     

      rtot = 1 / ( 1 / ((raf + rcut) * 1.32 /(2 * xlai))  + 1 /(raf         &

             * 1.32 * pes /xlai + rst  * 1.66 * pes / xlai ) + 1 / ( rag * 1.32 ))

      caf = coz_air / ( 1 + rair / rtot)

      fleaf = rroz * caf / (( raf + rcut) * 1.32 / (2 * xlai )) *1e3

    !       Fleaf is flux of ozone to leaf, two sides

      fmeso = rroz*caf/((1.32*raf*pes/xlai)+(1.66 * rst * pes / xlai))

      fmeso=fmeso * 1e3   

    !     Fmeso is flux of ozone into stomates

      fg = rroz* caf / (rag * 1.32) *1e3

    !        Fg is flux of ozone into ground

      flux_plant = fleaf + fmeso

    !        Flux_ plant is total flux into plant: leaf and stomate

    !        caf is concentration of ozone in canopy, ppmv

    !         No adjustment made for fractional vegetation cover

      fbare = rroz* coz_air / sumo3 *1e3

    !       Fbare is the flux of ozone over bare soil fraction

      fglobal = (flux_plant+ fg) * frveg + fbare* (1 - frveg)

    !       Fglobal is total flux weighted for vegetation and bare soil fractions

    !       UNITS OF FLUX  (FOZONE) ARE KG (OZONE) PER METER SQUARED PER SECOND

    !         IN CONCENTRATION (Coz_air)  PARTS VOLUME PER MILLION (VPM)

    !         Multiply by 10**9 to get in micrograms per meter per second

    !         

    !     

      return

    end subroutine ozone

! CO2FLX

    subroutine  CO2FLX

      implicit none

      real :: CHAX, PEX, RAIR, RROE, RAFCANOPY, RRTOT

    !       INCLUDE 'modvars.h'

    !      created 11/2/90; MODIFIED 06/17/91

    !      CI =  120. suggested value for c4 plants

    !      CI =  210  suggested value for c3 plants

    !      CO =  330  50 m above the canopy

      CHAX = USTAR**2 / ( UTEN - UAF )

      PEX  = ( XLAI / 2.0 ) + 1.

      RAIR =  1.0 / CHAX + RZASCR

      RROE =  1.83

      RAFCANOPY = RAF * PEX / XLAI

    !    RAFCANOPY IS RAF SCALED FOR XLAI TO A CANOPY

    !    RROE IS DENSITY OF PURE CARBON DIOXIDE (KG M-3) AT 20 C

    !    SUBROUTINE COMPUTES CARBON DIOXIDE FLUXES

    !    WE FOLLOW CLOSELY GOUDRIAAN'S BOOK, CHAPTER 3

    !      (CROP MICROMETEOROLOGY:  A SIMULATION STUDY; 1977)

    !    CI IS INTERNAL CO2 CONCENTRATION IN LEAF

    !      (120 VPM FOR C4 PLANT (CORN); 220 FOR C3 PLANT (BEANS))

    !      - CO IS AMBIENT CO2 CONCENTRATION ABOVE CANOPY - - 330 VPM

    !    MULTIPLY CONCENTRATIONS BY 10-6 TO GET FRACTIONAL AMOUNT

    !   RESISTANCES FOR STOMATAL RESISTANCE (RST)

    !                   LEAF BOUNDARY LAYER (RAF)

    !                   TOP OF CANOPY (1/CHAX) TO 2 METERS

    !                   SCREEN LEVEL (2 M) TO 50 METERS (RZASCR)

    !   LEAF BOUNDARY LAYER RESISTANCE RAF CORRECTED FOR CO2 MOLECULAR

    !                   DIFFUSIVITY  (S M-1): FACTOR OF 1.32

    !   STOMATAL RESISTANCE CORRECTED FOR CO2 DIFFUSIVITY (FACTOR OF 1.66)

    !          CALCULATE FLUX OF CO2 TO ENVIRONMENT

    !          FACTORS 1.32 AND 1.66 ADJUST VALUES FROM H20 TO CO2.

      RRTOT = 1.32 * RAFCANOPY + 1.66*RST + RAIR

      FCO2 = RROE * ( CO - CI )  / RRTOT

      FCO2 = (FCO2 * FRVEG) / 0.044 ! In moles/m2/s

    !

    !      CALCULATE CO2 FLUX IN CANOPY FCO2; ADJUST FOR

    !         PARTIAL VEGETATION FRACTION FRVEG

    !      UNITS OF FLUX  (FCO2) ARE KG (CO2) PER METER SQUARED PER SECOND

    !         IN CONCENTRATION (CCAM)  PARTS VOLUME PER MILLION (VPM)

    !         **** NOTE SOME PAPERS LIST CO2 FLUX IN MOLES PER M2 PER S ****

    !

    !         *****    ONE MOLE OF CO2 IS 46 GRAMS    *****

      CCAN  =  CO - ( CO - CI ) * RAIR * FRVEG / RRTOT

    !      CALCULATE CO2 CONCENTRATION JUST INSIDE CANOPY - - CCAN

      return

    end subroutine co2flx

end module simsphere_mod


******************************  File slope.f90  ******************************

subroutine  sslope(sinsolelslope,solelslope,effdec,slb,hrangl)

  use simsphere_mod

  implicit none

  real :: effdec, slb, hrangl

  real :: sinsolelslope,solelslope,dipan,dipaz

!      INCLUDE 'modvars.h'

! subroutine calculates solar elevation angle and azimuth 

! for sloping terrain when slope is non-zero.

! elevation for northwest corner of square box is ZNW, etc.

! grid size (called xmeshl) is in same units as ZNW

! calculate dip angle and azimuth angle of sloping surface plane

!      dipaz = 0.0

!      dipan = 0.0

!      edip = (ZNW + ZSW - ZNE - ZSE)/2.0

!      sdip = (ZNW - ZSW + ZNE - ZSE)/2.0

!      if ( edip. ne. 0 ) then

! dipan = abs (atan (edip / xmeshl / (cos(atan(sdip/edip)))))

! dipaz = 3. * 3.14159/ 2. + atan( sdip / edip)

! if ( edip. lt. 0. ) then

!   dipaz = dipaz - 3.14159

! end if

!      else

! dipan = abs (atan (sdip / xmeshl ))

! dipaz = 3.14159

!   if ( sdip. gt. 0. ) then

!     dipaz = 0.0

!   end if

! end if

  dipaz = ASPECT / 57.2958

! if (dipaz. gt. 6.2835) then

!   azimuthangle = azimuthangle  - 360.

! endif

  dipan = SLOPE / 57.2958

!  compute solar elevation angle function for sloping terrain

  sinsolelslope = cos(dipan) * ( sin(slb) * sin(effdec) + cos(slb) *    &

                  cos(effdec) * cos(hrangl)) + sin(dipan) *             &

                  ( cos(dipaz) * ( tan(slb) * ( sin(slb) * sin(effdec) +&

                  cos(slb) * cos(effdec) * cos(hrangl)) - sin(effdec) / &

                  cos(slb)) + sin(dipaz) * cos(effdec) * sin(hrangl))

  solelslope = asin(sinsolelslope)

  if ( solelslope <= 0.01) then

    solelslope = 0.01

  end if

  call albedo(sinsolelslope)

!   note that solar elevation can be less than zero for non-zero slope

!   although greater than zero for flat slope.

!   we use solar elevation for slope in albedo but not for path

!   which depends on solar angle with respect to flat plane

  return

end


******************************  File snding.f90  ******************************

SUBROUTINE SNDING (ZLS, Old_Ahum, temp, windsnd, timeloc, wind)

  use simsphere_mod

  implicit none

!TJC  real(kind=4),allocatable :: derivs(:)

  real,allocatable :: derivs(:)

  type(t_timeloc) :: timeloc

  type(t_temp) :: temp

  type(t_windsnd) :: windsnd

  type(t_wind) :: wind

  real :: EW(50)            ! Saturation vapor pressure at read-in sounding level, es (mb)

  real :: QS(50)            ! Specific humidity at read-in sounding level, q (g/g)

  real :: ZLS(50)           ! Height above station of read-in sounding level (m)

  real :: UCOMP(50), VCOMP(50), GMQ(50), Pot_Temp (50)

  real, dimension(:), allocatable :: ps, dep, dd0, ff0, zh

! Actual and decomposed values

! Put here -- Arrays to hold interpolated values [in COMMON at present]

! TD(50), QD(50), UD(50), VD(50)

  real :: Old_Ahum

  integer :: error

  integer :: NOBS_pTq, NOBS_wind, I, J, h

  real :: Station_Height, HEIGHT, TDEW, TBAR, THICK 

! real :: Station_Height, HEIGHT, TDEW, TBAR

  real :: precip_H2O, sum_precip_H2O, dydx, dydxn, Pres_50, Pot_50

  real :: Height_at_NTRP

  deltaz = vert_spacing

! Get data from data structures instead of input file unit 9

! Temporary until subroutine calls, globals reworked

  station_height = timeloc%station_height

  dd0 = windsnd%dd0

  ff0 = windsnd%ff0

  zh = windsnd%zh

  ps = temp%ps

  ts = temp%ts

  dep = temp%dep

  ugs = wind%ugs

  vgs = wind%vgs

  nobs_ptq = size(ps)

  nobs_wind = size(dd0)

! Output to text file only when writeTXT is set
  if (writeTXT) then
      WRITE(11,148) Station_Height*1000, UGS, VGS

148   FORMAT(/'   ***  Station Height and UGS/VGS  ***'// &

        'Station Height: ',F6.1,/, &

        'UGS,VGS: ',2F6.1)

      WRITE(11,'(/A/)') '   ***  Input Sounding  ***'

      WRITE(11,151) NOBS_pTq

151   FORMAT('Number of pressure levels: ',I3)

      WRITE(11,152) 'P:   ',(PS(I),I=1,NOBS_pTq)

      WRITE(11,152) 'T:   ',(TS(I),I=1,NOBS_pTq)

      WRITE(11,152) 'DEP: ',(DEP(I),I=1,NOBS_pTq)

152   FORMAT(A5,20F6.1)

      WRITE(11,153) NOBS_wind

153   FORMAT(/'Number of wind levels: ',I3)

      WRITE(11,152) 'HGT: ',(ZH(I),I=1,NOBS_wind)

      WRITE(11,152) 'DIR: ',(DD0(I),I=1,NOBS_wind)

      WRITE(11,154) 'SPD: ',(FF0(I),I=1,NOBS_wind)

154   FORMAT(A5,20F6.1)

  end if


! P/T/q first

  HEIGHT = 0.

  sum_precip_H2O = 0.

  do J = 1 , NOBS_pTq

    I = J - 1

    TDEW = TS(J) - DEP(J) + Celsius_to_Kelvin ! Dew Point (K)

    EW(J) = 6.11 * EXP((2.49E6 / 461.51)*(1 / Celsius_to_Kelvin - 1 / TDEW)) ! es (mb)

    QS(J) = 0.622 * EW(J) / PS(J) ! Specific Humidity (g/Kg)

    Pot_Temp(J) = (TS(J) + Celsius_to_Kelvin) * (1000. / PS(J)) ** 0.286 ! Theta (K)

    if (J > 1) then

      TBAR = (( TS(I) + TS(I+1) ) / 2 ) + Celsius_to_Kelvin ! Average Temperature (K)

      THICK = 287 * (TBAR / 9.8) * ALOG(PS(I) / PS(I+1)) ! Thickness (m)

      ! AAP: I don't think THICK needs to be passed on here.  windsnd%thick is

      ! AAP: used for the mixed layer thickness only.

      !windsnd%thick = thick

      HEIGHT = HEIGHT + THICK ! Height (above station) of pressure level

      ZLS(I+1) = HEIGHT

      GM(I) = ( Pot_Temp(I+1) - Pot_Temp(I) ) / THICK ! d(Theta)/dZ

      GMQ(I) = ( QS(I) - QS(I+1) ) / THICK ! d(q)/dZ

      precip_H2O = -0.622/GRAV*10.*((EW(J-1)*PS(J)-EW(J)*PS(J-1))*ALOG(PS(J)/PS(J-1))/(PS(J)-PS(J-1))+EW(J)-EW(J-1))

      sum_precip_H2O = sum_precip_H2O + precip_H2O

      omega = sum_precip_H2O

    end if

  end do

! Winds -- Note way winds are recorded by the weather service

  ZH(1) = 0.

  do i = 2, NOBS_wind

    ZH(i) = ((ZH(i) - Station_Height) * 1.0E3) / Ft_To_Metres

  end do

! Calculate u and v velocity components

  do J = 1 , NOBS_wind

    ucomp(j)=real((-FF0(j)*cos((90.-DD0(j))/radian))/Kts_To_Metres,4)

    vcomp(j)=real((-FF0(j)*sin((90.-DD0(j))/radian))/Kts_To_Metres,4)

  end do

! Number of levels it's possible to interpolate (NTRP) to are

  Height_at_NTRP = MIN(HEIGHT, ZH(NOBS_wind))

  NTRP = INT((Height_at_NTRP - 50.) / Vert_Spacing)

! Interpolate at 'h' height intervals using cubic splines.

! Numerical Recipes in FORTRAN -- pages 109, 110.

! 1.  Temperature

  allocate (derivs(NOBS_pTq), STAT = error)

  if (error /= 0) stop 'not enough memory'

! Calculate derivatives at the boundaries

  dydx = (Pot_Temp(2) - Pot_Temp(1)) / (ZLS(2) - ZLS(1))

  dydxn = (Pot_Temp(NOBS_pTq) - Pot_Temp(NOBS_pTq-1)) / &

          (ZLS(NOBS_pTq) - ZLS(NOBS_pTq-1))

! Calculate array of derivatives

  derivs=spline (ZLS, Pot_Temp, NOBS_pTq, dydx, dydxn)

! Call splint to get actual value at 50m and subsequent N metre intervals

  do i = 0, NTRP

    h = 50 + (Vert_Spacing * i)

    zi(i+1) = h

    TD(i+1) = splint (ZLS, Pot_Temp, derivs, NOBS_pTq, h)

  end do

! Free up space taken by the list of derivatives

  deallocate (derivs, STAT = error)

! 2. Moisture

  allocate (derivs(NOBS_pTq), STAT = error)

  if (error /= 0) stop 'not enough memory'

! Calculate derivatives at the boundaries

  dydx = (QS(2) - QS(1)) / (ZLS(2) - ZLS(1))

  dydxn = (QS(NOBS_pTq) - QS(NOBS_pTq-1)) / (ZLS(NOBS_pTq) - ZLS(NOBS_pTq-1))

! Calculate array of derivatives

  derivs=spline (ZLS, QS, NOBS_pTq, dydx, dydxn)

! Call splint to get actual value at 50m and subsequent N metre intervals

  do i = 0, NTRP

    h = 50 + (Vert_Spacing * i)

    QD(i+1) =  splint (ZLS, QS, derivs, NOBS_pTq, h)

  end do

! Free up space taken by the list of derivatives

  deallocate (derivs, STAT = error)

! 3. Winds

! Calculate the u component

! Create an array of REALS (floats) to put the dy/dx values into

  allocate (derivs(NOBS_wind), STAT = error)

  if (error /= 0) stop 'not enough memory'

! Calculate derivatives at the boundaries

  dydx = (ucomp(2) - ucomp(1)) / (ZH(2) - ZH(1))

  dydxn = (ucomp(NOBS_wind) - ucomp(NOBS_wind-1)) / &

              (ZH(NOBS_wind) - ZH(NOBS_wind-1))

! Calculate array of derivatives

  derivs=spline (ZH, ucomp, NOBS_wind, dydx, dydxn)

! Call splint to get actual value at 50m and subsequent 250m intervals

  do i = 0, NTRP

    h = 50 + (Vert_Spacing * i)

    UD(i+1) = splint (ZH, ucomp, derivs, NOBS_wind, h)

  end do

! Free up space taken by the list of derivatives

  deallocate (derivs, STAT = error)

! Do the same for v component

! Create an array of REALS (floats) to put the dy/dx values into

  allocate (derivs(NOBS_wind), STAT = error)

  if (error /= 0) stop 'not enough memory'

! Calculate derivatives at the boundaries

  dydx = (vcomp(2) - vcomp(1)) / (ZH(2) - ZH(1))

  dydxn = (vcomp(NOBS_wind) - vcomp(NOBS_wind-1)) / (ZH(NOBS_wind) - ZH(NOBS_wind-1))

! Calculate array of derivatives

  derivs=spline (ZH, vcomp, NOBS_wind, dydx, dydxn )

! Call splint to get actual value at 50m and subsequent 250m intervals

  do i = 0, NTRP

    h = 50 + (Vert_Spacing * i)

    VD(i+1) = splint (ZH, vcomp, derivs, NOBS_wind, h)

  end do

! Free up space taken by the list of derivatives

  deallocate (derivs, STAT = error)

! +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

! Calc lapse rate of temp in 1st layer and EW at screen level for

! use in the calc of screen level sat'n spec humidity.

  ATEMP = 50 * (TS(2) - TS(1)) / ZLS(2) + TS(1) + Celsius_to_Kelvin

  TSCREN = TS(1) + Celsius_to_Kelvin ! Screen Temperature

  EW = 6.11 * EXP (( 2.49E6 / 461.51 ) *(1 / Celsius_to_Kelvin - 1 / TSCREN))

  OSHUM = 0.622 * EW(1) / PS(1)

  AHUM = QS(1)

  Old_Ahum = QS(1)

  PS1 = PS(1)

! Changes 2/10/92

  Pres_50 = PS(1)*EXP(-9.8*50/(287* (TS(1) + Celsius_to_Kelvin)))

  Pot_50 = ATEMP * (1000 / Pres_50)** 0.286

  APTEMP = Pot_50

  O_Pot_Tmp = Pot_50

  Tdif_50 = Pot_50 - Atemp

  Tdif_s = Tdif_50 - 0.5

!        tdeww = tdew-Celsius_to_Kelvin

!        expt=7.5*tdeww/(237.3+tdeww)

!        eww = 6.11*10**expt

!        ewww = qs(j)*ps(j)/(0.378*qs(j)+0.622)

!        rhoa = ps(j)*100./(287.*tbar) ! Kell's Precip water calc

!        asum = asum + (qs(i) + qs(i+1))/2.*.001*rhoa*thick*100

! Write out the interpolated sounding

! Only output to text file when writeTXT is true
  if (writeTXT) then
      WRITE(11,'(/A/)') '   ***  Interpolated Sounding  ***'

      WRITE(11,251) NTRP+1

251   FORMAT('Number of interpolated levels: ',I3)

      WRITE(11,249) 'ZI:  ',(NINT(ZI(I)),I=1,NTRP+1)

249   FORMAT(A5,3(20I6/))

      WRITE(11,252) 'TD:  ',(TD(I),I=1,NTRP+1)

252   FORMAT(A5,3(20F6.1/))

      WRITE(11,253) 'QD:  ',(1000.*QD(I),I=1,NTRP+1)

253   FORMAT(A5,3(20F6.1/))

      WRITE(11,252) 'UD:   ',(UD(I),I=1,NTRP+1)

      WRITE(11,254) 'VD:   ',(VD(I),I=1,NTRP+1)

254   FORMAT(A5,3(20F6.1/))

      WRITE (11,'(//A//)') '         ***  MODEL RESULTS  ***'

  end if


  return

end


******************************  File snding_mod.f90  ******************************

module snding_mod
  implicit none
  private
  public :: splint, spline

  contains

    real pure function splint(XA,YA,Y2A,n,x)
      integer, intent(in) :: n, x
      real, intent(in) :: XA(50), YA(50), Y2A(n)
    
      real :: h, a, b
      integer :: klo, khi, k
    
      klo=1
      khi=n
    
      do 
        if (khi-klo <= 1) exit
        if (khi-klo > 1) then
          k=(khi+klo)/2
          if (XA(k) > x) then
            khi=k
          else
            klo=k
          end if
        end if
      end do
    
      H=XA(KHI)-XA(KLO)
      A=(XA(KHI)-X)/H
      B=(X-XA(KLO))/H
      splint=A*YA(KLO)+B*YA(KHI)+((A**3-A)*Y2A(KLO)+(B**3-B)*Y2A(KHI))*(H**2)/6.
    
    end function


    pure function spline(X,Y,N,YP1,YPN)
      integer, parameter :: NMAX=100
      real :: U(NMAX)
      real :: UN,QN,P,SIG
      integer, intent(in) :: N
      integer :: i, k
      real, intent(in) :: X(N), Y(N), YP1, YPN
      real :: spline(N)
    
      IF (YP1>.99E30) THEN
        spline(1)=0.
        U(1)=0.
      ELSE
        spline(1)=-0.5
        U(1)=(3./(X(2)-X(1)))*((Y(2)-Y(1))/(X(2)-X(1))-YP1)
      end if
      do I=2,N-1
        SIG=(X(I)-X(I-1))/(X(I+1)-X(I-1))
        P=SIG*spline(I-1)+2.
        spline(I)=(SIG-1.)/P
        U(I)=(6.*((Y(I+1)-Y(I))/(X(I+1)-X(I))-(Y(I)-Y(I-1))                 &
             /(X(I)-X(I-1)))/(X(I+1)-X(I-1))-SIG*U(I-1))/P
      end do
      IF (YPN>.99E30) THEN
        QN=0.
        UN=0.
      ELSE
        QN=0.5
        UN=(3./(X(N)-X(N-1)))*(YPN-(Y(N)-Y(N-1))/(X(N)-X(N-1)))
      end if
      spline(N)=(UN-QN*U(N-1))/(QN*spline(N-1)+1.)
      do K=N-1,1,-1
        spline(K)=spline(K)*spline(K+1)+U(K)
      end do
      return
    end function

end module snding_mod

******************************  File start.f90  ******************************

subroutine  START (Obst_Hgt, dual_regime, zo_patch, temp, windsnd, timeloc, wind)

  use simsphere_mod

  implicit none

  real(kind=4) :: Obst_Hgt, zo_patch

  logical :: zo_flag, ob_flag, dual_regime

!  logical :: zo_flag, ob_flag

  character :: Class

  character(len=1) :: ALBEDO_GFLAG, ALBEDO_FFLAG ! For Interface

  character(len=15) :: soiltype

  character(len=30) :: planttype

  integer(kind=1) :: num_soils, num_of_veggies, index_soils, index_veggies

  integer :: i

  type(t_met) :: met

  type(t_timeloc) :: timeloc

  type(t_veg) :: veg

  type(t_wind) :: wind

  type(t_soil) :: soil

  type(t_temp) :: temp

  type(t_windsnd) :: windsnd

  character(len=:), allocatable :: cfg_file

  if (.not. allocated(cfg_file)) then

    allocate(character(len=12) :: cfg_file)

    cfg_file = 'i_model.json'

  end if

  call load_config(cfg_file, met, timeloc, veg, wind, soil, temp, windsnd)

  deallocate(cfg_file)

!        INCLUDE 'modvars.h'

  zo_flag = .false.

  ob_flag = .false.

  Class = 'U'

! ** Take input from JSON file (above), assign existing variables values from 

! data structures

! **  This subroutine reads in the control variables from the input

! **  file.

! **  Read stuff for main program.

  iyr = timeloc%year

  imo = timeloc%month

  iday = timeloc%day

  tz = timeloc%tz

  xlat = timeloc%xlat

  xlong = timeloc%xlong

  strtim = timeloc%strtim

  timend = timeloc%timend

  outtt = timeloc%outtt

  slope = timeloc%slope

  aspect = timeloc%aspect

  f = soil%f

  fsub = soil%fsub

  wmax = soil%wmax

  btemp = soil%btemp

  tp = soil%tp

  dual_ti = soil%dual_ti

  ti_a = soil%ti_a

  ti_b = soil%ti_b

  albedo_gflag = soil%albedo_gflag

  albg = soil%albg

  epsi = soil%epsi

  index_soils = soil%index_soils

  omega = met%omega

  zo = met%zo

  obst_hgt = met%obst_hgt

  cloud_flag = met%cloud_flag

  cld_fract = met%cld_fract

  frveg = veg%frveg

  xlai = veg%xlai

  epsf = veg%epsf

  albedo_fflag = veg%albedo_fflag

  albf = veg%albf

  stmtype = veg%stmtype

  index_veggies = veg%index_veggies

  volrel = veg%volrel

  rmin = veg%rmin

  rcut = veg%rcut

  wilt = veg%wilt

  vegheight = veg%vegheight

  width = veg%width

  steady = veg%steady

  ci = veg%ci

  co = veg%co

  coz_sfc = veg%coz_sfc

  coz_air = veg%coz_air

  if (writeTXT) then
!     Echo the input controls in the output

      WRITE (11,'(/A/)') '         ***  INPUT PARAMETERS  ***'

      WRITE (11,151) 'Year, Month, Day (IYR, IMO, IDAY): ', &

        IYR, IMO, IDAY, &

        'Time Zone (TZ): ',TZ, &

        'Lat/Long (XLAT,XLONG): ',XLAT, XLONG, &

        'Start/End Time (STRTIM, TIMEND): ',STRTIM, TIMEND, &

        'Output Time Interval (OUTTT): ',OUTTT, &

        'Slope and Aspect: ', SLOPE, ASPECT

151   FORMAT (A,I5,I3,I3,/, &

        A,F6.2,/, &

        A,F8.3,',',F8.3,/, &

        A,F6.2,F8.2,/, &

        A,F6.0,/, &

        A,2F6.1)

!     Echo the input controls in the output

      WRITE (11,152) 'Moisture Availability (F): ', F, &

        'Root Zone Moisture Availability (FSUB): ', FSUB

152   FORMAT(A,F5.2,/,A,F5.2)

      WRITE (11,153) 'Substrate Maximum Water (WMAX): ', WMAX, &

        'Lowest Soil Level Temperature (BTEMP): ', BTEMP

153   FORMAT(A,F5.2,/,A,F7.2)

      WRITE (11,154) 'Thermal Inertia (TP): ', TP, &

        'Dual Thermal Inertia Flag and Values (DUAL_TI, TI_A, TI_B): ', &

          DUAL_TI, TI_A, TI_B, &

        'Ground Albedo Flag (ALBEDO_GFLAG): ', ALBEDO_GFLAG, &

        'Ground Albedo (ALBG): ', ALBG, &

        'Emissivity (EPSI): ', EPSI, &

        'Soil Type Index Number (index_soils): ', index_soils

154   FORMAT(A,F5.2,/,A,1X,A,1X,F7.2,F7.2, &

        /,A,1X,A,/,A,F7.2, &

        /,A,F7.2,/,A,I3)

      WRITE (11,155) OMEGA, ZO, OBST_HGT, cloud_flag, cld_fract

155   FORMAT('Precipitable Water Content (OMEGA): ',F5.2, &

        /,'Roughness Height (ZO): ',F7.2, &

        /,'Obstructions Height (OBST_HGT): ',F7.2,/, &

        'Clouds Flag (CLOUD_FLAG): ',L2, &

        /,'Cloud Fraction (CLOUD_FRACT): ',F5.2)

      WRITE (11,156) FRVEG, XLAI, ALBEDO_FFLAG, EPSF, ALBF, STMTYPE, &

        index_veggies, VOLREL, rmin, rcut, WILT, VEGHEIGHT, &

        WIDTH, STEADY, CI, CO , coz_sfc, coz_air

156   FORMAT('Vegetation Percent (FRVEG): ',F5.2,/, &

        'Leaf Area Index (XLAI): ',F7.2,/, &

        'Foliage Emissivity Flag (ALBEDO_FFLAG): ',A,/, &

        'Foliage Emissivity (EPSF): ',F7.2,/, &

        'Foliage Albedo (ALBF): ',F7.2,/, &

        'Stomatal Resistance Scheme (STMTYPE): ',A,/, &

        'Plant Type (index_veggies): ',I3,/, &

        'Relative Water Volume (VOLREL): ',F7.2,/, &

        'Bulk Stomatal Resistance (RMIN): ',F7.2,/, &

        'Cuticular Resistance (RCUT): ',F7.2,/, &

        'Wilting Point (WILT): ',F7.2,/, &

        'Vegetation Height (VEGHEIGHT, STMTYPE=L): ',F7.2,/, &

        'Leaf Width (WIDTH, STMTYPE=L): ',F7.2,/, &

        'Capacitance Flag (STEADY, STMTYPE=L): ',A,/, &

        'Internal CO2 Concentration (CI): ',F7.2,/, &

        'External CO2 Concentration (CO): ',F7.2,/, &

        'Surface Ozone Concentration (COZ_SFC): ',F7.2,/, &

        'Ambient Ozone Concentration (COZ_AIR): ',F7.2)

  end if


! Include the vegetation and soils databases in the calculations.

!

  if(eq(xlai,0.0)) xlai = 1.0

  xlef = 1

  If (gt(FRVEG,0.0) .and. stmtype == 'L') then

    open (1, file = f_soil_lut) ! Begin with opening the file

    Read (1, *) num_soils             ! Required for Interface

    do i = 1, index_soils

      Read (1,*) soiltype, rks, cosbyb, thmax, psis ! Read

    end do

    close (unit = 1)

  if (writeTXT) then
      WRITE(11,166) soiltype, rks, cosbyb, thmax, psis

166   FORMAT(//'   ***  Soil LUT Data Used for this run  ***'// &

        'Soiltype: ',A/ &

        'RKS: ',F6.1/ &

        'CosbyB: ',F6.1/ &

        'THMAX: ',F6.1/ &

        'PSIS: ',F6.1)

  end if


    open (1, file = f_veg_lut) ! Open Veg File

    Read (1, *) num_of_veggies    ! Required for Interface

    do i = 1, index_veggies

      Read (1,*) planttype, rmin, mintemp, maxtemp, beta, b1, b2,       &

                 psice, sc, rcut, zp, frhgt, frzp,                      &

                 rkocap, rccap, rzcap, volini, zstini   ! Read

    end do

    close (unit = 1)

    if (writeTXT) then
      WRITE(11,177) planttype, rmin, mintemp, maxtemp, beta, b1, b2, &

        psice, sc, rcut, zp, frhgt, frzp, rkocap, rccap, rzcap, volini, &

        zstini

177   FORMAT(//'   ***  Plant LUT data used for this run  ***'// &

        'Planttype: ',A/ &

        'RMIN: ',F6.1/ &

        'MINTEMP: ',F6.2/ &

        'MAXTEMP: ',F6.2/ &

        'BETA: ',F6.1/ &

        'B1: ',F6.1/ &

        'B2: ',F6.1/ &

        'PSICE: ',F6.1/ &

        'SC: ',F6.1/ &

        'RCUT: ',F6.1/ &

        'ZP: ',F6.1/ &

        'FRHGT: ',F6.1/ &

        'FRZP: ',F6.1/ &

        'RKOCAP: ',F6.1/ &

        'RCCAP: ',F6.1/ &

        'RZCAP: ',F6.1/ &

        'VOLINI: ',F6.1/ &

        'ZSTINI: ',F6.1)

    end if


    mintemp = mintemp + Celsius_to_Kelvin

    maxtemp = maxtemp + Celsius_to_Kelvin

  end if

! Make conversions

  Btemp = btemp + Celsius_to_Kelvin

  CO = CO*1E-6

  CI = CI*1E-6

! The relevant data for rough.for  08/04/92

  If (eq(frveg,0.0)) Class = 'B'

  If (eq(frveg,100.0)) Class = 'V'

  If (lt(frveg,100.0) .or. gt(frveg,0.0)) Class = 'P'

  If (.not. eq(ZO,0.0)) zo_flag = .true.

  If (.not. eq(Obst_Hgt,0.0)) ob_flag = .true.

! End data

! Call the rountine Rough

!        Call RoughCk (class, zo_flag, ob_flag, dual_regime,

!     /                      zo_patch, Obst_Hgt)

! Test a problem with zo_patch being passed to you_start() unitialized

  zo_patch = zo

  return

end


******************************  File stomata_mod.f90  ******************************

module stomata_mod
  implicit none
  private
  public :: stomfs, stomrs, stomc

contains

  !
  ! stomfs function replaces STOMFS subroutine
  !
  
      real pure function stomfs (sc, sol)
        implicit none
        real, intent(in) :: sc, sol
       
        ! The exponential function for solar radiation -- Albert Olioso
  
        stomfs = 1 / (1 - exp(-1 / sc * sol))
      end function stomfs
  
  !
  ! stomrs function replaces the STOMRS subroutine
  !
  
     real pure function stomrs (ft,tf,rmin,mintemp,maxtemp,psisup,psiwc,b1,b2,psie,psice,fs)
       implicit none
  
       real, intent(in) :: ft, tf, rmin, mintemp, maxtemp, b1, b2
       real, intent(in) :: psisup, psiwc, psie, psice, fs
       real :: fpsice
  
       ! This program calculates stomatal resistance coefficients are initialized in
       ! stmcof.for (referenced file does not exist -TJC)
  
       if ( tf > mintemp .AND. tf < maxtemp ) then
         if ( psisup> psiwc ) then
           fpsice = 1 + b1 * psie 
         else
           fpsice = 1 + b1 * psice + b2 * ( psice - psie ) 
         end if
       else
         stomrs = 5000
  !       PRINT*, 'TEMPERATURE IS LESS THAN OR GREATER THAN THE'
  !       PRINT*, 'CRITICAL TEMPERATURE -- STOMATAL RESISTANCE '
  !       PRINT*, 'SET EQUAL TO 5000 S M-1'
         return
       end if
     
       stomrs = rmin * fs * fpsice * ft
  
     end function stomrs
  
  !
  ! stomc function replaces the STOMC subroutine
  !
  
     real pure function stomc (ft,rmin,b1,psice,fs)
       implicit none
       
       real, intent(in) :: ft, rmin, b1, psice, fs
       real :: fpsice
  
       ! Calclates the critical stomatal resistance  for the ground water potential
  
       fpsice = 1 + b1 * psice
       stomc = rmin * fs * fpsice * ft
  
     end function stomc

end module stomata_mod

******************************  File transm_mod.f90  ******************************

module transm_mod
  implicit none
  private
  public :: ftabsT, ftscatT, fbscatT, ABSTBL, BSCTBL, SCATBL, PS1

  integer, parameter :: TRANSM_MAX_PATH = 10
  real :: ABSTBL(46)=0.0,BSCTBL(46)=0.0,SCATBL(46)=0.0, PS1=0.0

contains
! Functions from former subroutine transm

    pure function ftabsT(path)
!      use simsphere_mod, only: abstbl, ps1, TRANSM_MAX_PATH
      real :: ftabst, fracp, fract, fract2
      real, intent(in) :: path
      integer :: ipath, jpath

!     Subroutine TRANSM calculates solar transmission by using the
!     three-way lookup table produced in GETTBL.

! **  If the path length is very large (sun almost on the horizon) use
! **  longest path length possible, ie last number in the table. Otherwise
! **  calc trans coeff's for entries bracketing the supplied path length.
! **  FRACTP - Scaling fact for depth of atmos. FRACT & FRACT2 weighting
! **  factors for interpol'n between 2 successive path lenghts in table.

      if ( path >= TRANSM_MAX_PATH ) then
        ftabst = abstbl(size(abstbl))
      else
        fracp = ps1 / 1013.25
        fract= 5 * ( path - 1 ) + 1
        ipath = INT( fract )
        jpath = ipath + 1
        fract = ( fract - ipath )
        fract2 = 1 - fract
        ftabst = fract2 * abstbl( ipath ) + fract * abstbl( jpath )
        ftabst = fracp * ( ftabst - 1 ) + 1
      end if
     end function ftabsT

    pure function ftscatT(path)
!      use simsphere_mod, only: scatbl, ps1, TRANSM_MAX_PATH
      real :: ftscatT, fracp, fract, fract2
      real, intent(in) :: path
      integer :: ipath, jpath

!     Reference comments in ftabsT()

      if ( path >= TRANSM_MAX_PATH ) then
        ftscatT = scatbl(size(scatbl))
      else
        fracp = ps1 / 1013.25
        fract= 5 * ( path - 1 ) + 1
        ipath = INT( fract )
        jpath = ipath + 1
        fract = ( fract - ipath )
        fract2 = 1 - fract
        ftscatT = fract2 * scatbl( ipath ) + fract * scatbl( jpath )
        ftscatT = fracp * ( ftscatT - 1 ) + 1
      end if
    end function ftscatT

    pure function fbscatT(path)
!      use simsphere_mod, only: bsctbl, ps1, TRANSM_MAX_PATH
      real :: fbscatT, fracp, fract, fract2
      real, intent(in) :: path
      integer :: ipath, jpath

!     Reference comments in ftabsT()

      if ( path >= TRANSM_MAX_PATH ) then
        fbscatT = bsctbl(size(bsctbl))
      else
        fracp = ps1 / 1013.25
        fract= 5 * ( path - 1 ) + 1
        ipath = INT( fract )
        jpath = ipath + 1
        fract = ( fract - ipath )
        fract2 = 1 - fract
        fbscatT = fract2 * bsctbl( ipath ) + fract * bsctbl( jpath )
      end if
    end function fbscatT

end module transm_mod

******************************  File vegflx.f90  ******************************

subroutine  VEGFLX (EVAPV)

  use simsphere_mod, only: tg, xleg, f, chg, dens, le, qaf, taf, hg, xlef,   &

                           ta, chf, tf, cha, rst, qa, qstf, cp, eq

  implicit none

  real :: EVAPV, rprime, qstg

!      INCLUDE 'modvars.h'

! TG is set in VEGRAD from NETRAD only when FRVEG /= 0  .  We calculate a value 

! for TG below, however it may not be the correct value for calculating QSTG.  

! In VEGFLX TG is set to equal otemp (again, only when FRVEG /= 0).  Will wrap 

! this calculation in a conditional to avoid divide by zero.  -tjc 2018-10-04

  if ( .not. eq(TG,0.0) ) then

    QSTG = 10**( 6.1989 - 2353. / TG)

  else

    QSTG = 0.0

  end if

  XLEG = F * CHG * DENS * LE * (QSTG - QAF)

!      XLEG = (xleg + xlegn) / 2 ! Smooth

  if ( XLEG < 0 ) XLEG = 0

  TG = TAF + (HG / CHG) / (DENS * CP) 

  EVAPV = XLEG + XLEF

  TAF = (CHA * TA + CHF * TF + TG * CHG) / (CHF + CHG + CHA)

  rprime = 1/(1/chf + RST)

  QAF = ( CHA * QA + rprime * QSTF + F * ChG * QSTG ) / ( CHA + rprime + F * CHG )

  return

end

! XLEG smoothed .. prevents instabilities at Low XLAI in full vegetation

! mode. 5th May 1992


******************************  File veghot.f90  ******************************

subroutine  VEGHOT (B,Heatv)

  use simsphere_mod, only: dens, cp, chf, tf, taf, lambda, tt, z, hg, rnetg, &

                           xleg, chg, hf

  implicit none

  real :: B, Heatv, HFN, AVEG

!      INCLUDE 'modvars.h'

  HFN = DENS * CP * CHF * (TF - TAF)

  HF  = (HF + HFN) / 2

  AVEG = ( LAMBDA * ( TAF - TT(2) ) ) / Z(2)

!      VGDENS = PS1 * 100 / (R * TAF )

  HG = ( RNETG - XLEG - AVEG ) / ( 1 + B / CHG )

  HEATV = HG + HF

  call CO2FLX

  call ozone

  return

end


******************************  File vegrad.f90  ******************************

subroutine  VEGRAD (TIME,RNETV,SWAVEV,TZERO)

  use simsphere_mod

  implicit none

  real :: TIME, RNETV, SWAVEV, TZERO

  real :: TZERO5, TZERO4

  !real :: T1

!      INCLUDE 'modvars.h'

  if (eq(time,0.0)) then ! Initialize

    TAF = otemp

    TF =  otemp

    TG =  otemp

    !AAP: Is this supposed to be the same T1 used in VEL and BRI ???

    !     Not the same in original code, so comment-out.

!    T1 = atemp

    TA = ATEMP

!
QA = QD(1)

    QAF = QD(1)

  end if

! **  Calculate incident solar flux at top of the canopy (SOL)

  SOL = SWAVE / ( 1 - ALBDOE )

! **

  RSG = SOL * ( 1 - SIGF ) * ( 1 - ALBG ) / ( 1 - SIGF * ALBG * ALBF )

  RSF = SOL * ( 1 - ALBF ) * SIGF * ( 1 + ALBG * ( 1 - SIGF ) / ( 1 - SIGF * ALBF * ALBG ) )

! **

  RLG = ( 1 - SIGF ) * EPSI * ( LWDN - SIGMA * TG**4 ) /         &

           ( 1 - SIGF * ( 1 - EPSF ) * ( 1 - EPSI ) ) -          &

           EPSI * EPSF * SIGF * SIGMA * ( TG**4 - TF**4 ) /      &

           ( 1 - SIGF * ( 1 - EPSF ) * ( 1 - EPSI ) )

  RLF = SIGF * ( EPSF * ( LWDN - SIGMA * TF**4 ) +               &

           EPSF * EPSI * SIGMA * ( TG**4 - TF**4) /              &

           ( 1 - SIGF * ( 1 - EPSF ) * ( 1 - EPSI ) ) ) +        &

           SIGF * ( 1 - SIGF ) * ( 1- EPSI ) * ( EPSF ) *        &

           ( LWDN - SIGMA * TF**4 ) / ( 1 - SIGF *               &

           ( 1 - EPSI ) * ( 1 - EPSF ) )

! **  Note that the radiometric temperature at the surfce is denoted

! **  by TZERO and is the equivalent to OTEMP in the bare soil mode.

  TZERO5 = (1 - SIGF ) * EPSI * TG**4 + EPSF * SIGF * TF**4

  TZERO5 = TZERO5**0.25

  TZERO4 = LWDN - RLG - RLF

  TZERO4 = TZERO4 / ( 1 * SIGMA )

  TZERO = TZERO4**0.25

  RNETG = RLG + RSG

  RNETF = RLF + RSF

  RNETV = RNETG + RNETF

! **  Set temperature and humidity variables.

  if (rnetf <= 0.0) then ! Set value since TA set to T1 (Vel)

    TAF = ta ! Set in Vel

    TF =  otemp

    TG =  otemp

!
TA = ATEMP

!
QA = QD(1)

    QAF = QD(1)

  end if

!

  SWAVEV = (RSG + RSF)

 return

end


******************************  File vegvel.f90  ******************************

subroutine  VEGVEL(init_vel, PSLCALINIT)

  use simsphere_mod

  implicit none

  real :: SGMA

  integer(kind=1) :: init_vel

  real :: PES, RHOCP, SIGALF, CDL, PI, SDL, rhg, RMRATIODIF, RHA, QSTA

  real :: XLEFN, TFN

  integer :: PSLCALINIT

!      INCLUDE 'modvars.h'

  PES = ( XLAI / 2.0 ) + 1

  RHOCP = CP * PS1 * 100 / ( R * TAF )

  SIGALF = 1 - 0.5 / ( 0.5 + XLAI ) * EXP( -XLAI**2 / 8 )

!     CDL IS THE DRAG COEFFICIENT FOR THE LEAF

!     KEL'S FORMULATION

  CDL = 0.08

  PI = 3.1416

  SDL = XLAI/VEGHEIGHT

  UAF = USTAR * SQRT (PES/(CDL * SDL))

  chf = 0.011 * SQRT(UAF/WIDTH)*(XLAI/PES)

  IF (CHF < 0.001) CHF = 0.001

  RAF = 1 / ( CHF )

!      CHG = ( 1 - SIGALF ) * USTAR**2 / UAF

!        Kell's chg

        chg = Karman**2*uaf/(alog(vegheight*100/0.7))**2 

!       Add surface layer resistance to internal air resistance and recompute conductance

  rhg = 1/chg + rtranw

  chg = 1/rhg

!     FOLLOWING IS KEL'S FORMULATION FROM GOUDRIAAN

!     TO GET CHA

!      ALEN = 2 * ((3 * WIDTH**2) / (4 * PI * XLAI/(VEGHEIGHT/2)))

!     /        ** (0.3333)

!     AKCAN = ALEN * 0.5 * UAF

!      RHA = VEGHEIGHT / (2 * AKCAN)

!      CHA = 1 / RHA

!       Above is outdated formulae from Kell. Use old method

  cha = ustar**2 / (uten - uaf )

  IF (CHA <= 0.001) CHA = 0.001

! Convert Q to ELTL and EA.

  QSTF = 10**( 6.1989 - ( 2353 / TF ) )

  SGMA = RHOCP / 0.666

  RMRATIODIF = QSTF - QAF

  IF (RMRATIODIF <= 0) RMRATIODIF = .0001

  VFL = (RMRATIODIF) * PS1 / 0.622

! Call Deardorff (D) or Carlson/Lynn formulation for RST.

! Note RST is actually RF because it contains a cuticular resistance (RCUT).

  IF (STMTYPE == 'D') THEN  ! Deardorff Formulation

    RS = RMIN * (800.0 / (1.0+SOL) + (1.2 * WILT/                       &

         (0.9*W2G+0.1*WGG))**2) ! Stomatal Resistance 

    RST = RS * RCUT / (RS + RCUT) * PES / XLAI ! Total Leaf/Canopy Resistance

  ELSE IF (STMTYPE == 'L') THEN ! Lynn and Carlson

    CALL PSLCAL (SGMA, PES, PSLCALINIT)

    RL = RS * RCUT / ( RS + RCUT )   ! Leaf Resistance

    RST = RL * PES / XLAI    ! Total Leaf/Canopy Resistance

  ELSE IF (STMTYPE == 'B') THEN ! Ball-Berry

    CALL BALL (PES, RHA)

    RL = RS * RCUT / ( RS + RCUT )   ! Leaf Resistance

    RST = RL * PES / XLAI    ! Total Leaf/Canopy Resistance

  END IF

  QSTA = 10**( 6.1989 - ( 2353 / TA ) )

  XLEFN = DENS * LE * RMRATIODIF / ( RST + RAF )

!    Average TF and XLEF after initial time step.

  IF (init_vel == 1) THEN

    TF = TAF + ( RNETF - XLEFN ) / (CHF * DENS * CP)

    XLEF = XLEFN

    init_vel = 2

  ELSE

    XLEF = ( XLEF + XLEFN ) / 2

    TFN = TAF + ( RNETF - XLEFN ) / (CHF * DENS * CP)

    TF = (TF + TFN) / 2

  END IF

  RETURN

END


******************************  File vel.f90  ******************************

subroutine VEL (MONCE,IONCE,StabCriteria,YCOUNT,Obst_Hgt,dual_regime, &

  zo_patch,VEGVELinit_vel,PSLCALINIT)

  use simsphere_mod

  implicit none

!  Subroutine VEL computes the Monin Obukhov Length, the Friction

!  Velocity and the Integral of Heat Diffusivity.

! Code Altered 5th May 1992 ... Code transferred to Bri.for

! Alterations 16th July to account for different Roughness Lenghts 

! associated with partial vegetation calculations.

  real :: KMM,KW,KS,KX

  real(kind=4) :: Obst_Hgt,zo_patch

  integer(kind=1) :: StabCriteria

  logical :: dual_regime

  integer :: MONCE, IONCE

  real :: REFLEV, ZTEN, CMH, CMW, YCOUNT

  real :: USCRN, RZAZO, U_Patch, Ustar_Patch, RZA_Obst, RObst_Patch

  real :: PTMP20, BOWEN, RTRANS, RTRANO3

  real :: SA, SRFCZO, SO10M, STEN, FM, FTEN, USTAR1

  real :: CHIO, CHIA, CHI20, T_ft, FT20, SObst_Hgt, FObst_Hgt

  real :: CH_Obst_Hgt, FT_Obst_Hgt, RZA_Obst_Hgt

  real :: PSIHNEW, REKUST

  real :: Rtrans_patch, RtransW_patch

  integer(kind=1) :: VEGVELinit_vel

  integer :: PSLCALINIT

!      INCLUDE 'modvars.h'

!  ZO Roughness height, ZA Top of surface layer (50m)

!  ZTEN - height at 10 m, REFLEV - "Screen or Anemometer Height".

  DATA REFLEV, ZTEN, KS, KW / 2., 10., 2.49951e-2, 2.97681e-2 /

  DATA CMH,CMW / 2*1. /

!  The model assumes neutral conditions at the start of the run where

!  HEAT = 0.  Therefore calc surface wind profile and resistances for

!  the surface layer on the basis log wind profile law.

  IF (StabCriteria .eq. 0 .or. (StabCriteria .eq. 1 .and.               &

     Heat <= 0.0 )) THEN ! Neutral Profile (Rare)

!         ^ Allow for negative heat flux 

    USTAR = You_Star (AWIND,ZA,ZO,0.0,KARMAN)      ! Friction Velocity

    USCRN = WindF (USTAR,Reflev,ZO,0.0,KARMAN)      ! Wind Speeds

    UTEN =  WindF (USTAR,ZTEN,ZO,0.0,KARMAN)

    RZAZO = R_ohms (USTAR,ZA,ZO,0.0,KARMAN)        ! Resistances

    RZASCR = R_ohms (USTAR,ZA,REFLEV,0.0,KARMAN) 

  if (dual_regime) then

     U_Patch = WindF (USTAR,Obst_Hgt,ZO,0.0,KARMAN)

     Ustar_Patch = You_Star (U_Patch,Obst_Hgt,zo_patch,0.0,KARMAN)

     RZA_Obst = R_ohms (USTAR,ZA,Obst_Hgt,0.0,KARMAN)

     RObst_Patch = R_ohms (Ustar_Patch,Obst_Hgt,zo_patch,0.0,KARMAN)

  end if

!  Potential, actual temp, specific humidity at 2 m. Pass

!  to vegetation component.

  PTMP20 = APTEMP + ( HEAT * RZASCR / ( DENS * CP ) )

  TA = PTMP20 - Tdif_s

  QA = AHUM + ( EVAP * RZASCR / ( DENS * LE ) )

!  Unstable case ... use the nondimensional functions of Z/L in

!  wind profiles for momentum and heat (FM,FT) to determine the

!  resistance term over the surface layer.

  else if ( StabCriteria .eq. 1 .and. heat > 0) then ! Unstable

    IF (EVAP < 0.000001) EVAP = 0.000001

    BOWEN = HEAT / EVAP

    IF ( ABS( BOWEN ) > 10 ) BOWEN = 10 * BOWEN / ABS ( BOWEN )

    MOL =  - ( ( USTAR**3 ) * aptemp * CP * DENS ) /                    &     

           ( KARMAN * GRAV * HEAT * ( 1 + 0.07 / ( ABS ( BOWEN ) ) ) )

!  Dimensionless wind shear

    SA = Stab (ZA,MOL) 

    SRFCZO = Stab (ZO,MOL)  

    SO10M = Stab (REFLEV,MOL)

    STEN = Stab (ZTEN,MOL)

!  Stability Correction for momentum. Benoit solution.

    FM = FstabM (SRFCZO, SA)

    FTEN = FstabM (SRFCZO, STEN)

    USTAR1 = You_Star (AWIND,ZA,ZO,FM,KARMAN) ! Friction Velocity

    USTAR = ( USTAR + USTAR1 ) / 2 ! Smooth

! Dimensionless temperature gradient again using the integrated form.

    CHIO = StabH (ZO,MOL)

    CHIA = StabH (ZA,MOL)

    CHI20 = StabH (REFLEV,MOL)

!  Stability Correction for heat. Benoit solution.

    T_ft = FstabH (CHIO,CHIA)

    FT20 = FstabH (CHI20,CHIA)

    UTEN = WindF (USTAR,ZTEN,ZO,FTEN,KARMAN)       ! Surface Winds at 

    USCRN = WindF (USTAR,REFLEV,ZO,0.0,KARMAN)     ! Screen Level & 10 metres

    RZASCR = R_ohms (USTAR,ZA,REFLEV,FT20,KARMAN) ! Resistances in 

    RZAZO = R_ohms (USTAR,ZA,ZO,T_ft,KARMAN)  ! Surface Layer

    if (dual_regime) then                   ! As above

      Sobst_Hgt = Stab (Obst_Hgt,MOL)

      Fobst_Hgt = FstabM (SRFCZO, Sobst_Hgt)

      U_Patch = WindF (USTAR,Obst_Hgt,ZO,0.0,KARMAN)

      Ustar_Patch = You_Star(U_Patch,Obst_Hgt,zo_patch,Fobst_Hgt,KARMAN)

      CH_Obst_Hgt = StabH (Obst_Hgt,MOL) 

      FT_Obst_Hgt = FstabH (CH_Obst_Hgt,CHIA)  

      RZA_Obst_Hgt = R_ohms (USTAR,ZA,Obst_Hgt,FT_Obst_Hgt,KARMAN) 

      RObst_Patch = R_ohms (Ustar_Patch,Obst_Hgt,zo_patch,0.0,KARMAN)  

    end if

!   As in neutral case calculate TA and QA.

    PTMP20 = APTEMP + ( HEAT * RZASCR / ( DENS * CP ) )

    TA = PTMP20 - Tdif_s

    QA = AHUM + ( EVAP * RZASCR / ( DENS * LE ) )

  else

!  Call the nightime routine.  Stable case

    CALL BRI (MONCE,PSIHNEW,YCOUNT,ZTEN) ! Stable

    REKUST = 1 / (KARMAN * USTAR)

    RZAZO =  REKUST * ( ALOG( ZA / ZO ) + psihnew )

!       RZASCR = REKUST * ( ALOG( ZA / REFLEV ) + psihref )

!  note that stability correction function corresponds to

!  old method described in Panofsky and Dutton.  New function

!  employed in Bri.for.  Differences between two are

!  slight during the short period following radiation sunset

!  when the above functions are employed.

    TA = T1

    QA = AHUM

  END IF

!  Set USTAR equal to some non-zero value if small.

  IF ( USTAR < 0.01 ) USTAR = 0.01

! TJC Work around a problem with this being unitialized.

! TJC Related to dual_regime and zo_patch

  ustar_patch = ustar

!  Calc the diffusivities and resistances to heat and water for

!  the transition layer.  KS & KW are the molecular conductivities

!  for heat and water.  CMH and CMW are the scaling factors .. see

!  manual.

  IF (IONCE == 0) THEN

    KMM = CMH * KS / ( DENS * CP )

    KX =  CMW * KW / ( DENS * CP )

  END IF

  RTRANS = ResTrn (USTAR,ZO,KMM,KARMAN) ! Resistance Transition Layer

  RTRANW = ResTrn (USTAR,ZO,KX,KARMAN)

  RTRANO3 = ResTrn (USTAR,ZO,KX/1.32,KARMAN)

!  Finally compute the total series resistance over both layers.

  GBL_sum = RZAZO + RTRANS

  SUMW = RZAZO + RTRANW

  sumo3 = rzazo + rtrano3

  If( dual_regime) then 

    Rtrans_Patch = ResTrn (ustar_patch,ZO,KMM,KARMAN)

    RtransW_Patch = ResTrn (ustar_patch,ZO,KX,KARMAN)

    GBL_sum = RZA_Obst_Hgt + RObst_Patch + Rtrans_Patch

    SUMW = RZA_Obst_Hgt + RObst_Patch + RtransW_Patch

  End if

!  If vegetation included, call vegetation component.

  IF (SWAVE > 0 .AND. RNET > 0 .AND. FRVEG > 0) THEN

    CALL VEGVEL(VEGVELinit_vel, PSLCALINIT)

  END IF

  return

end subroutine


******************************  File vel_mod.f90  ******************************

module vel_mod
  implicit none
  private
  public :: You_star, R_ohms, WindF, Stab, StabH, FStabH, FStabM, ResTrn, MOL

  real :: MOL = 0.0

  contains
!  Function Definitions for Vel
    
    real pure function You_star (w,Height,Roughness,Stability,R_Karman)
      real, intent(in) :: w, Height, Roughness, Stability, R_Karman

      You_star = R_Karman * w / ((ALOG(Height / Roughness) + Stability))  
    
    end function You_star
    

    real pure function R_ohms (Friction,Height,Roughness,Stability,Karman)
      real, intent(in) :: Friction, Height, Roughness, Stability, Karman
      real, parameter :: Konst = 0.74
             
      R_ohms = Konst * (ALOG(Height/Roughness) + Stability)/(Karman * Friction)
       
    end function R_ohms
    

    real pure function WindF (Star,Height,Roughness,Stability,R_Karman)
      real, intent(in) :: Star, Height, Roughness, Stability, R_Karman
    
      WindF = (Star / R_Karman)*(ALOG(Height/Roughness) + Stability)
    
    end function WindF
    

    real pure function Stab (Height,MOL)
      real, intent(in) :: Height, MOL
    
      Stab = (1 - 15 * Height / MOL)**0.25
    
    end function Stab
    
    
    real pure function StabH (Height, MOL)
      real, intent(in) :: Height, MOL
    
      StabH = (1 - 9 * Height / MOL)**0.5
           
    end function StabH
    

    real pure function FstabH (Par1,Par2)
      real, intent(in) :: Par1, Par2
    
      FstabH = 2 * ALOG(( Par1 + 1) / (Par2 + 1))
           
    end function FstabH
    

    real pure function FstabM (Par1,Par2)
      real, intent(in) :: Par1, Par2
    
      FStabM = ALOG (((Par1**2 + 1 ) * (Par1 + 1 )**2 ) /                   &
                    ((Par2 + 1 ) * (Par2 + 1 )**2 )) + 2 *                  &
                    ( ATAN(Par2) - ATAN(Par1))
           
    end function FstabM
    
    
    real pure function ResTrn (Star,Roughness,Par3,R_KARMAN)
      real, intent(in) :: Star, Roughness, Par3, R_KARMAN
    
      RESTRN = (ALOG(R_KARMAN* Star*Roughness+Par3) - ALOG(Par3)) / (R_KARMAN  * Star)
    
    end function ResTrn

end module vel_mod

******************************  File water.f90  ******************************

subroutine  WATER (TIME,BareEvapFlux,WIN)

  use simsphere_mod, only: wgg, w2g, rhow, le, frveg, rnet, xleg, xlef, evap, &

                           delta, f, fsub, wmax, eq

  implicit none

  real, parameter :: CONST1 = 1

  real, parameter :: CONST2 = 0.5

  real, parameter :: D1P = 0.1

  real, parameter :: D_INT = 0.5

  real, parameter :: D2P = 0.5

  real, parameter :: OMG = 24

  real :: TIME, BareEvapFlux

  real :: PER, C11, C22, C33, C44, EVAX, EVAS, EVAI

  real :: WW1, WW2, WW3

  real :: WIN

! **  WATER is based on the technique of Deardroff (1978). It uses the

! **  evaporative flux value obtained in FLUX and updates two internal

! **  variables WGG and W2G, which represent the soil moisture content

! **  of the soil close to the surface and in the first 50 cm of soil,

! **  respectively.  The empirical constants can be found in the article.

! **  1988 modifications: Substrate layer assigned moisture availability

! **  which is called FSUB (W2G/WMAX).  Intermediate layer water

! **  equation for variable called (WIN).  Top layer is assumed to pertain

! **  to top 2 cm (instead of top 10 cm as for intermediate layer),

! **  20% of root evaporation is drawn from this layer.  Top layer draws

! **  on all surface evaporation.  Lowest (reservoir) layer on all

! **  evaporation.  Note that constant CONST2 changed from earlier version.

! **  Note if you wish to supress variation in substrate water content

! **  with time, let wmax equal to a very large value, e.g. 10.

!      INCLUDE 'modvars.h'

! **  Constants for the water budget equation.

!  DATA CONST1 , CONST2, D1P,D_INT, D2P/1, 0.5, 0.1, 2*0.5/ OMG / 24 /

! This fixes tests, but breaks the program

!  IF ( eq(TIME,0.0) .or. (win < 0.001) ) THEN

  IF ( TIME .EQ. 0.0 ) THEN

    WIN = ( WGG + W2G ) / 2

  END IF

  PER = OMG * 3600

  C11 = CONST1 / ( RHOW * D1P )

  C22 = CONST2 / PER

  C33 = 1 / ( D2P * RHOW )

  C44 = CONST1 / ( RHOW * D_INT )

  EVAX = EVAP / LE

  IF ( FRVEG > 0 .AND. RNET > 0 ) THEN

    EVAS = (XLEG * FRVEG + ( 1 - FRVEG ) * BareEvapFlux) / LE

    EVAI = ( XLEF * FRVEG ) / LE

  ELSE

    EVAS = EVAX

    EVAI = 0

  END IF

  WW1 = ( C11 * EVAS + C22 * ( WGG - WIN ) ) * DELTA

  WW2 = ( C44 * EVAI - C22 * ( WGG + W2G - 2 * WIN ) ) * DELTA

  WW3 = EVAI * C33 * DELTA

  WGG = WGG - WW1

  WIN = WIN - WW2

  W2G = W2G - WW3

  IF ( WGG <= 0 ) WGG = 0.001

  IF ( WIN <= 0 ) WIN = 0.001

  IF ( W2G <= 0 ) W2G = 0.001

! **  Compute the updated version of moisture availability and substrate

! **  moisture availability.

  F = ( WGG / WMAX )

  FSUB = ( W2G / WMAX )

  return

end
