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[1] 6 City of Seattle (2010). The greater Seattle datasheet [Online]. Available: http://www.seattle.gov/oir/datasheet/demographics.htm 
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#include "cppdefs.h" 
      MODULE rhs3d_mod 
#if defined NONLINEAR && defined SOLVE3D 
! 
!svn $Id: rhs3d.F 294 2009-01-09 21:37:26Z arango $  
!================================================== ===================== 
!  Copyright (c) 2002-2009 The ROMS/TOMS Group                         ! 
!    Licensed under a MIT/X style license                              ! 
!    See License_ROMS.txt                           Hernan G. Arango   ! 
!========================================== Alexand er F. Shchepetkin === 
!                                                                      ! 
!  This subroutine evaluates right-hand-side terms for 3D momentum     ! 
!  and tracers equations.                                              ! 
!                                                                      ! 
!================================================== ===================== 
! 
      implicit none 
 
      PRIVATE 
      PUBLIC  :: rhs3d 
 
      CONTAINS 
! 
!************************************************** ********************* 
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      SUBROUTINE rhs3d (ng, tile) 
!************************************************** ********************* 
! 
      USE mod_param 
# ifdef CLIMATOLOGY 
      USE mod_clima 
# endif 
      USE mod_coupling 
# if defined DIAGNOSTICS_TS || defined DIAGNOSTICS_ UV 
      USE mod_diags 
# endif 
      USE mod_forces 
      USE mod_grid 
# ifdef NEARSHORE_MELLOR 
      USE mod_mixing 
# endif 
# if defined ASSIMILATION || defined NUDGING 
      USE mod_obs 
# endif 
      USE mod_ocean 
      USE mod_stepping 
! 
      USE pre_step3d_mod, ONLY : pre_step3d 
      USE prsgrd_mod, ONLY : prsgrd 
# ifndef TS_FIXED 
#  ifdef TS_DIF2 
      USE t3dmix_mod, ONLY : t3dmix2 
#  endif 
#  ifdef TS_DIF4 
      USE t3dmix_mod, ONLY : t3dmix4 
#  endif 
# endif 
# ifdef UV_VIS2 
      USE uv3dmix_mod, ONLY : uv3dmix2 
# endif 
# ifdef UV_VIS4 
      USE uv3dmix_mod, ONLY : uv3dmix4 
# endif 
! 
!  Imported variable declarations. 
! 
      integer, intent(in) :: ng, tile 
! 
!  Local variable declarations. 
! 
# include "tile.h" 
! 
!-------------------------------------------------- --------------------- 
!  Initialize computations for new time step of the  3D primitive 
!  variables. 
!-------------------------------------------------- --------------------- 
! 
      CALL pre_step3d (ng, tile) 
! 
!-------------------------------------------------- --------------------- 
!  Compute baroclinic pressure gradient. 
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!-------------------------------------------------- --------------------- 
! 
      CALL prsgrd (ng, tile) 
# ifndef TS_FIXED 
#  ifdef TS_DIF2 
! 
!-------------------------------------------------- --------------------- 
!  Compute horizontal harmonic mixing of tracer typ e variables. 
!-------------------------------------------------- --------------------- 
! 
      CALL t3dmix2 (ng, tile) 
#  endif 
#  ifdef TS_DIF4 
! 
!-------------------------------------------------- --------------------- 
!  Compute horizontal biharmonic mixing of tracer t ype variables. 
!-------------------------------------------------- --------------------- 
! 
      CALL t3dmix4 (ng, tile) 
#  endif 
# endif 
! 
!-------------------------------------------------- --------------------- 
!  Compute right-hand-side terms for the 3D momentu m equations. 
!-------------------------------------------------- --------------------- 
! 
# ifdef PROFILE 
      CALL wclock_on (ng, iNLM, 21) 
# endif 
      CALL rhs3d_tile (ng, tile,                                        & 
     &                 LBi, UBi, LBj, UBj,                              & 
     &                 IminS, ImaxS, JminS, JmaxS,                      & 
     &                 nrhs(ng),                                        & 
     &                 GRID(ng) % Hz,                                   & 
     &                 GRID(ng) % Huon,                                 & 
     &                 GRID(ng) % Hvom,                                 & 
# if defined CURVGRID && defined UV_ADV 
     &                 GRID(ng) % dmde,                                 & 
     &                 GRID(ng) % dndx,                                 & 
# endif 
     &                 GRID(ng) % fomn,                                 & 
     &                 GRID(ng) % om_u,                                 & 
     &                 GRID(ng) % om_v,                                 & 
     &                 GRID(ng) % om_r,                                 & 
     &                 GRID(ng) % on_u,                                 & 
     &                 GRID(ng) % on_v,                                 & 
     &                 GRID(ng) % pm,                                   & 
     &                 GRID(ng) % pn,                                   & 
     &                 GRID(ng) % z_r,                                  & 
     &                 GRID(ng) % z_w,                                  & 
     &                 GRID(ng) % xu,                                   & 
     &                 GRID(ng) % yu,                                   & 
     &                 FORCES(ng) % bustr,                              & 
     &                 FORCES(ng) % bvstr,                              & 
     &                 FORCES(ng) % sustr,                              & 
     &                 FORCES(ng) % svstr,                              & 
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# ifdef M3CLM_NUDGING 
     &                 CLIMA(ng) % M3nudgcof,                           & 
     &                 CLIMA(ng) % uclm,                                & 
     &                 CLIMA(ng) % vclm,                                & 
# endif 
# if defined NUDGING_UVsur || defined NUDGING_UV 
     &                 OBS(ng) % EobsUV,                                & 
     &                 OBS(ng) % Uobs,                                  & 
     &                 OBS(ng) % Vobs,                                  & 
# endif 
     &                 OCEAN(ng) % u,                                   & 
     &                 OCEAN(ng) % v,                                   & 
     &                 OCEAN(ng) % W,                                   & 
# ifndef SET_ZETA 
     &                 COUPLING(ng) % Zt_avg1,                          & 
# endif 
# ifdef NEARSHORE_MELLOR 
     &                 OCEAN(ng) % u_stokes,                            & 
     &                 OCEAN(ng) % v_stokes,                            & 
     &                 OCEAN(ng) % rulag3d,                             & 
     &                 OCEAN(ng) % rvlag3d,                             & 
     &                 MIXING(ng) % rustr3d,                            & 
     &                 MIXING(ng) % rvstr3d,                            & 
# endif 
     &                 COUPLING(ng) % rufrc,                            & 
     &                 COUPLING(ng) % rvfrc,                            & 
# ifdef DIAGNOSTICS_UV 
     &                 DIAGS(ng) % DiaRUfrc,                            & 
     &                 DIAGS(ng) % DiaRVfrc,                            & 
     &                 DIAGS(ng) % DiaRU,                               & 
     &                 DIAGS(ng) % DiaRV,                               & 
# endif 
     &                 OCEAN(ng) % ru,                                  & 
# ifdef SET_ZETA 
     &                 OCEAN(ng) % rv) 
# else 
     &                 OCEAN(ng) % rv,                                  & 
     &                 OCEAN(ng) % zeta) 
# endif 
# ifdef PROFILE 
      CALL wclock_off (ng, iNLM, 21) 
# endif 
# ifdef UV_VIS2 
! 
!-------------------------------------------------- --------------------- 
!  Compute horizontal, harmonic mixing of momentum.  
!-------------------------------------------------- --------------------- 
! 
      CALL uv3dmix2 (ng, tile) 
# endif 
# ifdef UV_VIS4 
! 
!-------------------------------------------------- --------------------- 
!  Compute horizontal, biharmonic mixing of momentu m. 
!-------------------------------------------------- --------------------- 
! 
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      CALL uv3dmix4 (ng, tile) 
# endif 
      RETURN 
      END SUBROUTINE rhs3d 
! 
!************************************************** ********************* 
      SUBROUTINE rhs3d_tile (ng, tile,                                  & 
     &                       LBi, UBi, LBj, UBj,                        & 
     &                       IminS, ImaxS, JminS, J maxS,                & 
     &                       nrhs,                                      & 
     &                       Hz, Huon, Hvom,                            & 
# if defined CURVGRID && defined UV_ADV 
     &                       dmde, dndx,                                & 
# endif 
     &                       fomn,                                      & 
     &                       om_u, om_v, om_r, on_u , on_v, pm, pn,      & 
     &                       z_w, z_r, xu, yu,                          & 
     &                       bustr, bvstr,                              & 
     &                       sustr, svstr,                              & 
# ifdef M3CLM_NUDGING 
     &                       M3nudgcof, uclm, vclm,                      & 
# endif 
# if defined NUDGING_UVsur || defined NUDGING_UV 
     &                       EobsUV, Uobs, Vobs,                        & 
# endif 
     &                       u, v, W,                                   & 
# ifndef SET_ZETA 
     &                       Zt_avg1,                                   & 
# endif 
# ifdef NEARSHORE_MELLOR 
     &                       u_stokes, v_stokes,                        & 
     &                       rulag3d, rvlag3d,                          & 
     &                       rustr3d, rvstr3d,                          & 
# endif 
     &                       rufrc, rvfrc,                              & 
# ifdef DIAGNOSTICS_UV 
     &                       DiaRUfrc, DiaRVfrc,                        & 
     &                       DiaRU, DiaRV,                              & 
# endif 
# ifdef SET_ZETA 
     &                       ru, rv) 
# else 
     &                       ru, rv,                                    & 
     &                       zeta) 
# endif 
!************************************************** ********************* 
! 
      USE mod_param 
      USE mod_scalars 
 
# ifndef SET_ZETA 
#  if defined EW_PERIODIC || defined NS_PERIODIC 
! 
      USE exchange_2d_mod, ONLY : exchange_r2d_tile  
#  endif 
#  ifdef DISTRIBUTE 
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      USE mp_exchange_mod, ONLY : mp_exchange2d 
#  endif 
# endif 
! 
!  Imported variable declarations. 
! 
      integer, intent(in) :: ng, tile 
      integer, intent(in) :: LBi, UBi, LBj, UBj 
      integer, intent(in) :: IminS, ImaxS, JminS, J maxS 
      integer, intent(in) :: nrhs 
! 
# ifdef ASSUMED_SHAPE 
      real(r8), intent(in) :: Hz(LBi:,LBj:,:) 
      real(r8), intent(in) :: Huon(LBi:,LBj:,:) 
      real(r8), intent(in) :: Hvom(LBi:,LBj:,:) 
#  if defined CURVGRID && defined UV_ADV 
      real(r8), intent(in) :: dmde(LBi:,LBj:) 
      real(r8), intent(in) :: dndx(LBi:,LBj:) 
#  endif 
      real(r8), intent(in) :: fomn(LBi:,LBj:) 
      real(r8), intent(in) :: om_u(LBi:,LBj:) 
      real(r8), intent(in) :: om_v(LBi:,LBj:) 
      real(r8), intent(in) :: om_r(LBi:,LBj:) 
      real(r8), intent(in) :: on_u(LBi:,LBj:) 
      real(r8), intent(in) :: on_v(LBi:,LBj:) 
 
      real(r8), intent(in) :: z_w(LBi:,LBj:,0:) 
      real(r8), intent(in) :: z_r(LBi:,LBj:,0:) 
      real(r8), intent(in) :: xu(LBi:,LBj:) 
      real(r8), intent(in) :: yu(LBi:,LBj:) 
 
      real(r8), intent(in) :: pm(LBi:,LBj:) 
      real(r8), intent(in) :: pn(LBi:,LBj:) 
      real(r8), intent(in) :: bustr(LBi:,LBj:) 
      real(r8), intent(in) :: bvstr(LBi:,LBj:) 
      real(r8), intent(in) :: sustr(LBi:,LBj:) 
      real(r8), intent(in) :: svstr(LBi:,LBj:) 
#  ifdef M3CLM_NUDGING 
      real(r8), intent(in) :: M3nudgcof(LBi:,LBj:) 
      real(r8), intent(in) :: uclm(LBi:,LBj:,:) 
      real(r8), intent(in) :: vclm(LBi:,LBj:,:) 
#  endif 
#  if defined NUDGING_UVsur || defined NUDGING_UV 
      real(r8), intent(in) :: EobsUV(LBi:,LBj:,:) 
      real(r8), intent(in) :: Uobs(LBi:,LBj:,:) 
      real(r8), intent(in) :: Vobs(LBi:,LBj:,:) 
#  endif 
      real(r8), intent(in) :: u(LBi:,LBj:,:,:) 
      real(r8), intent(in) :: v(LBi:,LBj:,:,:) 
      real(r8), intent(in) :: W(LBi:,LBj:,0:) 
#  ifndef SET_ZETA 
      real(r8), intent(in) :: Zt_avg1(LBi:,LBj:) 
#  endif 
#  ifdef NEARSHORE_MELLOR 
      real(r8), intent(in) :: u_stokes(LBi:,LBj:,:)  
      real(r8), intent(in) :: v_stokes(LBi:,LBj:,:)  
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      real(r8), intent(in) :: rulag3d(LBi:,LBj:,:) 
      real(r8), intent(in) :: rvlag3d(LBi:,LBj:,:) 
      real(r8), intent(in) :: rustr3d(LBi:,LBj:,:) 
      real(r8), intent(in) :: rvstr3d(LBi:,LBj:,:) 
#  endif 
      real(r8), intent(inout) :: ru(LBi:,LBj:,0:,:)  
      real(r8), intent(inout) :: rv(LBi:,LBj:,0:,:)  
#  ifdef DIAGNOSTICS_UV 
      real(r8), intent(inout) :: DiaRUfrc(LBi:,LBj: ,:,:) 
      real(r8), intent(inout) :: DiaRVfrc(LBi:,LBj: ,:,:) 
      real(r8), intent(inout) :: DiaRU(LBi:,LBj:,:, :,:) 
      real(r8), intent(inout) :: DiaRV(LBi:,LBj:,:, :,:) 
#  endif 
 
      real(r8), intent(out) :: rufrc(LBi:,LBj:) 
      real(r8), intent(out) :: rvfrc(LBi:,LBj:) 
#  ifndef SET_ZETA 
      real(r8), intent(out) :: zeta(LBi:,LBj:,:) 
#  endif 
# else 
      real(r8), intent(in) :: Hz(LBi:UBi,LBj:UBj,N( ng)) 
      real(r8), intent(in) :: Huon(LBi:UBi,LBj:UBj, N(ng)) 
      real(r8), intent(in) :: Hvom(LBi:UBi,LBj:UBj, N(ng)) 
#  if defined CURVGRID && defined UV_ADV 
      real(r8), intent(in) :: dmde(LBi:UBi,LBj:UBj)  
      real(r8), intent(in) :: dndx(LBi:UBi,LBj:UBj)  
#  endif 
      real(r8), intent(in) :: fomn(LBi:UBi,LBj:UBj)  
      real(r8), intent(in) :: om_u(LBi:UBi,LBj:UBj)  
      real(r8), intent(in) :: om_v(LBi:UBi,LBj:UBj)  
      real(r8), intent(in) :: om_r(LBi:UBi,LBj:UBj)  
      real(r8), intent(in) :: on_u(LBi:UBi,LBj:UBj)  
      real(r8), intent(in) :: on_v(LBi:UBi,LBj:UBj)  
 
      real(r8), intent(in) :: z_w(LBi:UBi,LBj:UBj,0 :N(ng)) 
      real(r8), intent(in) :: z_r(LBi:UBi,LBj:UBj,0 :N(ng)) 
      real(r8), intent(in) :: xu(LBi:UBi,LBj:UBj) 
      real(r8), intent(in) :: yu(LBi:UBi,LBj:UBj) 
 
      real(r8), intent(in) :: pm(LBi:UBi,LBj:UBj) 
      real(r8), intent(in) :: pn(LBi:UBi,LBj:UBj) 
      real(r8), intent(in) :: bustr(LBi:UBi,LBj:UBj ) 
      real(r8), intent(in) :: bvstr(LBi:UBi,LBj:UBj ) 
      real(r8), intent(in) :: sustr(LBi:UBi,LBj:UBj ) 
      real(r8), intent(in) :: svstr(LBi:UBi,LBj:UBj ) 
#  ifdef M3CLM_NUDGING 
      real(r8), intent(in) :: M3nudgcof(LBi:UBi,LBj :UBj) 
      real(r8), intent(in) :: uclm(LBi:UBi,LBj:UBj, N(ng)) 
      real(r8), intent(in) :: vclm(LBi:UBi,LBj:UBj, N(ng)) 
#  endif 
#  if defined NUDGING_UVsur || defined NUDGING_UV 
      real(r8), intent(in) :: EobsUV(LBi:UBi,LBj:UB j,N(ng)) 
      real(r8), intent(in) :: Uobs(LBi:UBi,LBj:UBj, N(ng)) 
      real(r8), intent(in) :: Vobs(LBi:UBi,LBj:UBj, N(ng)) 
#  endif 
      real(r8), intent(in) :: u(LBi:UBi,LBj:UBj,N(n g),2) 
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      real(r8), intent(in) :: v(LBi:UBi,LBj:UBj,N(n g),2) 
      real(r8), intent(in) :: W(LBi:UBi,LBj:UBj,0:N (ng)) 
#  ifndef SET_ZETA 
      real(r8), intent(in) :: Zt_avg1(LBi:UBi,LBj:U Bj) 
#  endif 
#  ifdef NEARSHORE_MELLOR 
      real(r8), intent(in) :: u_stokes(LBi:UBi,LBj: UBj,N(ng)) 
      real(r8), intent(in) :: v_stokes(LBi:UBi,LBj: UBj,N(ng)) 
      real(r8), intent(in) :: rulag3d(LBi:UBi,LBj:U Bj,N(ng)) 
      real(r8), intent(in) :: rvlag3d(LBi:UBi,LBj:U Bj,N(ng)) 
      real(r8), intent(in) :: rustr3d(LBi:UBi,LBj:U Bj,N(ng)) 
      real(r8), intent(in) :: rvstr3d(LBi:UBi,LBj:U Bj,N(ng)) 
#  endif 
      real(r8), intent(inout) :: ru(LBi:UBi,LBj:UBj ,0:N(ng),2) 
      real(r8), intent(inout) :: rv(LBi:UBi,LBj:UBj ,0:N(ng),2) 
#  ifdef DIAGNOSTICS_UV 
      real(r8), intent(inout) :: DiaRUfrc(LBi:UBi,L Bj:UBj,3,NDM2d-1) 
      real(r8), intent(inout) :: DiaRVfrc(LBi:UBi,L Bj:UBj,3,NDM2d-1) 
      real(r8), intent(inout) :: DiaRU(LBi:UBi,LBj: UBj,N(ng),2,NDrhs) 
      real(r8), intent(inout) :: DiaRV(LBi:UBi,LBj: UBj,N(ng),2,NDrhs) 
#  endif 
 
      real(r8), intent(out) :: rufrc(LBi:UBi,LBj:UB j) 
      real(r8), intent(out) :: rvfrc(LBi:UBi,LBj:UB j) 
#  ifndef SET_ZETA 
      real(r8), intent(out) :: zeta(LBi:UBi,LBj:UBj ,3) 
#  endif 
# endif 
! 
!  Local variable declarations. 
! 
# ifdef DISTRIBUTE 
#  ifdef EW_PERIODIC 
      logical :: EWperiodic=.TRUE. 
#  else 
      logical :: EWperiodic=.FALSE. 
#  endif 
#  ifdef NS_PERIODIC 
      logical :: NSperiodic=.TRUE. 
#  else 
      logical :: NSperiodic=.FALSE. 
#  endif 
# endif 
      integer :: i, j, k 
 
      real(r8) :: cff, cff1, cff2, cff3, coef1, coe f2 
 
      real(r8) :: cx, kcff, width, diam, surf, ztur b, xturb, yturb 
 
      logical :: T1, T2, T3, T4 
 
      real(r8), dimension(IminS:ImaxS,0:N(ng)) :: C F 
      real(r8), dimension(IminS:ImaxS,0:N(ng)) :: D C 
      real(r8), dimension(IminS:ImaxS,0:N(ng)) :: F C 
 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: Huee 
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      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: Huxx 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: Hvee 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: Hvxx 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: UFx 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: UFe 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: Uwrk 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: VFx 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: VFe 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: Vwrk 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: uee 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: uxx 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: vee 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: vxx 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: wrk 
 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: mustr 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: mvstr 
 
# include "set_bounds.h" 
 
# ifdef BODYFORCE 
! 
!-------------------------------------------------- --------------------- 
!  Apply surface stress as a bodyforce: determine t he thickness (m) 
!  of the surface layer; then add in surface stress  as a bodyfoce. 
!-------------------------------------------------- --------------------- 
! 
#  ifdef DIAGNOSTICS_UV 
      DO k=1,N(ng) 
        DO j=Jstr,Jend 
          DO i=Istr,Iend 
            DiaRU(i,j,k,M3vvis)=0.0_r8 
            DiaRV(i,j,k,M3vvis)=0.0_r8 
          END DO 
        END DO 
      END DO 
      DO j=Jstr,Jend 
        DO i=IstrU,Iend 
          DiaRUfrc(i,j,3,M2sstr)=0.0_r8 
          DiaRUfrc(i,j,3,M2bstr)=0.0_r8 
        END DO 
      END DO 
      DO j=JstrV,Jend 
        DO i=Istr,Iend 
          DiaRVfrc(i,j,3,M2sstr)=0.0_r8 
          DiaRVfrc(i,j,3,M2bstr)=0.0_r8 
        END DO 
      END DO 
#  endif 
      DO j=JstrV-1,Jend 
        DO i=IstrU-1,Iend 
          wrk(i,j)=0.0_r8 
        END DO 
      END DO 
      DO k=N(ng),levsfrc(ng),-1 
        DO j=JstrV-1,Jend 
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          DO i=IstrU-1,Iend 
            wrk(i,j)=wrk(i,j)+Hz(i,j,k) 
          END DO 
        END DO 
      END DO 
      DO j=Jstr,Jend 
        DO i=IstrU,Iend 
          cff=0.25_r8*(pm(i-1,j)+pm(i,j))*                              & 
     &                (pn(i-1,j)+pn(i,j)) 
          cff1=1.0_r8/(cff*(wrk(i-1,j)+wrk(i,j))) 
          Uwrk(i,j)=sustr(i,j)*cff1 
        END DO 
      END DO 
      DO j=JstrV,Jend 
        DO i=Istr,Iend 
          cff=0.25*(pm(i,j-1)+pm(i,j))*                                 & 
     &             (pn(i,j-1)+pn(i,j)) 
          cff1=1.0_r8/(cff*(wrk(i,j-1)+wrk(i,j))) 
          Vwrk(i,j)=svstr(i,j)*cff1 
        END DO 
      END DO 
      DO k=levsfrc(ng),N(ng) 
        DO j=Jstr,Jend 
          DO i=IstrU,Iend 
            cff=Uwrk(i,j)*(Hz(i  ,j,k)+                                 & 
     &                     Hz(i-1,j,k)) 
            ru(i,j,k,nrhs)=ru(i,j,k,nrhs)+cff 
#  ifdef DIAGNOSTICS_UV 
            DiaRU(i,j,k,nrhs,M3vvis)=DiaRU(i,j,k,nr hs,M3vvis)+cff 
            DiaRUfrc(i,j,3,M2sstr)=DiaRUfrc(i,j,3,M 2sstr)+cff 
#  endif 
          END DO 
        END DO 
        DO j=JstrV,Jend 
          DO i=Istr,Iend 
            cff=Vwrk(i,j)*(Hz(i,j  ,k)+                                 & 
     &                     Hz(i,j-1,k)) 
            rv(i,j,k,nrhs)=rv(i,j,k,nrhs)+cff 
#  ifdef DIAGNOSTICS_UV 
            DiaRV(i,j,k,nrhs,M3vvis)=DiaRV(i,j,k,nr hs,M3vvis)+cff 
            DiaRVfrc(i,j,3,M2sstr)=DiaRVfrc(i,j,3,M 2sstr)+cff 
#  endif 
          END DO 
        END DO 
      END DO 
! 
!  Apply bottom stress as a bodyforce: determine th e thickness (m) 
!  of the bottom layer; then add in bottom stress a s a bodyfoce. 
! 
      DO j=JstrV-1,Jend 
        DO i=IstrU-1,Iend 
          wrk(i,j)=0.0_r8 
        END DO 
      END DO 
      DO k=1,levbfrc(ng) 
        DO j=JstrV-1,Jend 
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          DO i=IstrU-1,Iend 
            wrk(i,j)=wrk(i,j)+Hz(i,j,k) 
          END DO 
        END DO 
      END DO 
      DO j=Jstr,Jend 
        DO i=IstrU,Iend 
          cff=0.25_r8*(pm (i-1,j)+pm (i,j))*                            & 
     &                (pn (i-1,j)+pn (i,j)) 
          cff1=1.0_r8/(cff*(wrk(i-1,j)+wrk(i,j))) 
          Uwrk(i,j)=bustr(i,j)*cff1 
        END DO 
      END DO 
      DO j=JstrV,Jend 
        DO i=Istr,Iend 
          cff=0.25_r8*(pm (i,j-1)+pm (i,j))*                            & 
     &                (pn (i,j-1)+pn (i,j)) 
          cff1=1.0_r8/(cff*(wrk(i,j-1)+wrk(i,j))) 
          Vwrk(i,j)=bvstr(i,j)*cff1 
        END DO 
      END DO 
      DO k=1,levbfrc(ng) 
        DO j=Jstr,Jend 
          DO i=IstrU,Iend 
            cff=Uwrk(i,j)*(Hz(i  ,j,k)+                                 & 
     &                     Hz(i-1,j,k)) 
            ru(i,j,k,nrhs)=ru(i,j,k,nrhs)-cff 
#  ifdef DIAGNOSTICS_UV 
            DiaRU(i,j,k,nrhs,M3vvis)=DiaRU(i,j,k,nr hs,M3vvis)-cff 
            DiaRUfrc(i,j,3,M2bstr)=DiaRUfrc(i,j,3,M 2bstr)-cff 
#  endif 
          END DO 
        END DO 
        DO j=JstrV,Jend 
          DO i=Istr,Iend 
            cff=Vwrk(i,j)*(Hz(i,j  ,k)+                                 & 
     &                     Hz(i,j-1,k)) 
            rv(i,j,k,nrhs)=rv(i,j,k,nrhs)-cff 
#  ifdef DIAGNOSTICS_UV 
            DiaRV(i,j,k,nrhs,M3vvis)=DiaRV(i,j,k,nr hs,M3vvis)-cff 
            DiaRVfrc(i,j,3,M2bstr)=DiaRVfrc(i,j,3,M 2bstr)-cff 
#  endif 
          END DO 
        END DO 
      END DO 
! 
!  Apply mid-depth stress as a bodyforce: determine  the thickness (m) 
!  of the mid-depth layer; then add in mid-depth st ress as a bodyfoce. 
! 
      DO j=JstrV-1,Jend 
        DO i=IstrU-1,Iend 
          wrk(i,j)=0.0_r8 
        END DO 
      END DO 
!Start K-LOOP 
      DO k=levbfrc(ng)+1,levsfrc(ng)-1 
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        DO j=Jstr,Jend 
          DO i=IstrU,Iend 
!turbine features 
          diam=0.1_r8 
          zturb=-0.15_r8 
          xturb=4.05_r8 
          yturb=0.65_r8 
          cx=1.82_r8 !=4*(1-root(1-Ct))/(1+root(1-C t)) 
          width=0.001_r8 !Chord*sin(pitch angle)=Tu rbine apparent thickness 
          kcff=1000.0_r8 !Anomaly density correctio n 
!Turbine localisation 
          coef1=MAX(0.5_r8*diam,Hz(i,j,k)) 
          coef2=MAX(0.5_r8*diam,on_v(i,j)) 
 
            T1=(z_r(i,j,k).GT.(zturb-coef1)).AND.                       & 
     &         (z_r(i,j,k).LT.(zturb+coef1)) 
            T2=(yu(i,j).GE.(yturb-coef2)).AND.                          & 
     &         (yu(i,j).LE.(yturb+coef2)) 
            T3=(xu(i,j).GT.(xturb-om_r(i,j))).AND.( xu(i,j).LT.xturb) 
            T4=(xu(i,j).GT.xturb).AND.(xu(i,j).LT.( xturb+om_r(i,j))) 
 
            IF (T1.AND.T2) THEN 
              IF (T3) THEN          
 
!Pressure drop in term of stress in u-direction, BO DYFORCE formulation imposes 
such a formulation 
!For versatility sake, turbine is located at the rh o point therefore a split 
implementation between 
!the surrounding u points is needed. 
 
!u point downstream the aimed rho point 
          surf=0.25_r8*(Hz(i-1,j,k)+Hz(i,j,k))*(on_ v(i-1,j)+on_v(i,j)) 
!          cff1=u(i,j,k,nrhs) 
          cff1=0.5_r8*(u(i,j,k,nrhs)+u(i+1,j,k,nrhs )) 
          cff2=(cff1**2.0_r8)**0.5_r8 
          cff3=cff1*cff2 
!          cff3=u(i,j,k,nrhs)**2.0_r8 
          Uwrk(i,j)=0.25_r8*kcff*cx*(width/om_u(i,j ))*surf*cff3 
          ru(i,j,k,nrhs)=ru(i,j,k,nrhs)-Uwrk(i,j) 
              ELSEIF (T4) THEN 
!u point upstream the aimed rho point 
          surf=0.25_r8*(Hz(i-1,j,k)+Hz(i,j,k))*(on_ v(i-1,j)+on_v(i,j)) 
!          cff1=u(i,j,k,nrhs) 
          cff1=0.5_r8*(u(i-1,j,k,nrhs)+u(i,j,k,nrhs )) 
          cff2=(cff1**2.0_r8)**0.5_r8 
          cff3=cff1*cff2 
!          cff3=u(i,j,k,nrhs)**2.0_r8 
          Uwrk(i,j)=0.25_r8*kcff*cx*(width/om_u(i-1 ,j))*surf*cff3 
          ru(i,j,k,nrhs)=ru(i,j,k,nrhs)-Uwrk(i,j)             
#  ifdef DIAGNOSTICS_UV 
            DiaRU(i,j,k,nrhs,M3vvis)=DiaRU(i,j,k,nr hs,M3vvis)-Uwrk(i,j) 
            DiaRUfrc(i,j,3,M2bstr)=DiaRUfrc(i,j,3,M 2bstr)-Uwrk(i,j) 
#  endif 
              ELSE 
          ru(i,j,k,nrhs)=ru(i,j,k,nrhs) 
              ENDIF 



�6�������
����� �

286�

            ELSE 
          ru(i,j,k,nrhs)=ru(i,j,k,nrhs) 
            END IF 
          END DO 
        END DO 
      END DO 
      K_LOOP : DO k=1,N(ng) 
 
# if defined UV_COR || (defined CURVGRID && defined  UV_ADV) 
! 
!-------------------------------------------------- --------------------- 
!  Add in Coriolis and curvilinear transformation t erms, if any. 
!-------------------------------------------------- --------------------- 
... 
"""�������������
������ �	���������
��������"�

� �



�6�������
����� �

28>�

�������%�+=�)�(��(
��������
����
��

4�������
��	����.������������������

�� 	�� ������	)� �	������� ���� F���[�
�����"9G� 5:��� �	��� 
�
����� �
������ 	�� 5:��H1
��	����H�

����	����
��"�0��������������������
����

����
���
 ��
�������
�����	
�������� ˜E3 �����
�� E[ ����� �� EÊ �����

š�

$	"�"�����	
��8"3%����������
� ���� �
�
�� �	��� �
��
� ���������
����	
��"����� �
��
�	��� �
�	�	���	
������ �

�	���	����� 	�� ���(� �
�*� �
�� 5:��� ����	
�� -73� ���� �� �� ����� �����	
��� 	�� ������ ����	
��� 
�� ����

�
�����������
���"�

�

#include "cppdefs.h" 
      MODULE gls_corstep_mod 
#if defined NONLINEAR && defined GLS_MIXING && defi ned SOLVE3D 
! 
!svn $Id: gls_corstep.F 294 2009-01-09 21:37:26Z ar ango $ 
!================================================== ===================== 
!  Copyright (c) 2002-2009 The ROMS/TOMS Group                         ! 
!    Licensed under a MIT/X style license           Hernan G. Arango   ! 
!    See License_ROMS.txt                   Alexand er F. Shchepetkin   ! 
!================================================== == John C. Warner === 
!                                                                      ! 
!  This routine perfoms the corrector step for turb ulent kinetic       ! 
!  energy and generic length scale prognostic varia bles, tke and       ! 
!  gls.                                                                ! 
!                                                                      ! 
!  References:                                                         ! 
!                                                                      ! 
!  Umlauf, L. and H. Burchard, 2001:  A generic len gth-scale           ! 
!    Equation for geophysical turbulence models.                       ! 
!                                                                      ! 
!================================================== ===================== 
! 
      implicit none 
 
      PRIVATE 
      PUBLIC  :: gls_corstep 
 
      CONTAINS 
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! 
!************************************************** ********************* 
      SUBROUTINE gls_corstep (ng, tile) 
!************************************************** ********************* 
! 
      USE mod_param 
      USE mod_forces 
      USE mod_grid 
      USE mod_mixing 
      USE mod_ocean 
      USE mod_stepping 
! 
!  Imported variable declarations. 
! 
      integer, intent(in) :: ng, tile 
! 
!  Local variable declarations. 
! 
# include "tile.h" 
! 
# ifdef PROFILE 
      CALL wclock_on (ng, iNLM, 19) 
# endif 
      CALL gls_corstep_tile (ng, tile,                                  & 
     &                       LBi, UBi, LBj, UBj,                        & 
     &                       IminS, ImaxS, JminS, J maxS,                & 
     &                       nstp(ng), nnew(ng),                        & 
# ifdef MASKING 
     &                       GRID(ng) % umask,                          & 
     &                       GRID(ng) % vmask,                          & 
# endif 
     &                       GRID(ng) % Huon,                           & 
     &                       GRID(ng) % Hvom,                           & 
     &                       GRID(ng) % Hz,                             & 
     &                       GRID(ng) % om_r,                           & 
     &                       GRID(ng) % pm,                             & 
     &                       GRID(ng) % pn,                             & 
     &                       GRID(ng) % z_w,                            & 
     &                       GRID(ng) % z_r,                            & 
     &                       GRID(ng) % xr,                             & 
     &                       GRID(ng) % yr,                             & 
     &                       OCEAN(ng) % u,                             & 
     &                       OCEAN(ng) % v,                             & 
     &                       OCEAN(ng) % W,                             & 
     &                       FORCES(ng) % bustr,                        & 
     &                       FORCES(ng) % bvstr,                        & 
     &                       FORCES(ng) % sustr,                        & 
     &                       FORCES(ng) % svstr,                        & 
# ifdef ZOS_HSIG 
     &                       FORCES(ng) % Hwave,                        & 
# endif 
# ifdef TKE_WAVEDISS 
     &                       FORCES(ng) % Wave_diss ip,                  & 
# endif 
     &                       MIXING(ng) % Akt,                          & 
     &                       MIXING(ng) % Akv,                          & 
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     &                       MIXING(ng) % bvf,                          & 
     &                       MIXING(ng) % Akk,                          & 
     &                       MIXING(ng) % Akp,                          & 
     &                       MIXING(ng) % Lscale,                       & 
     &                       MIXING(ng) % gls,                          & 
     &                       MIXING(ng) % tke) 
# ifdef PROFILE 
      CALL wclock_off (ng, iNLM, 19) 
# endif 
      RETURN 
      END SUBROUTINE gls_corstep 
! 
!************************************************** ********************* 
      SUBROUTINE gls_corstep_tile (ng, tile,                            & 
     &                             LBi, UBi, LBj, U Bj,                  & 
     &                             IminS, ImaxS, Jm inS, JmaxS,          & 
     &                             nstp, nnew,                          & 
# ifdef MASKING 
     &                             umask, vmask,                        & 
# endif 
     &                             Huon, Hvom, Hz, om_r, pm,            & 
     &                             pn, z_r, z_w,                        & 
     &                             xr, yr,                              & 
     &                             u, v, W,                             & 
     &                             bustr, bvstr, su str, svstr,          & 
# ifdef ZOS_HSIG 
     &                             Hwave,                               & 
# endif 
# ifdef TKE_WAVEDISS 
     &                             Wave_dissip,                         & 
# endif 
     &                             Akt, Akv, bvf,                       & 
     &                             Akk, Akp, Lscale , gls, tke) 
!************************************************** ********************* 
! 
      USE mod_param 
      USE mod_scalars 
! 
# if defined EW_PERIODIC || defined NS_PERIODIC 
      USE exchange_3d_mod, ONLY : exchange_w3d_tile  
# endif 
# ifdef DISTRIBUTE 
      USE mp_exchange_mod, ONLY : mp_exchange3d, mp _exchange4d 
# endif 
      USE tkebc_mod, ONLY : tkebc_tile 
! 
!  Imported variable declarations. 
! 
      integer, intent(in) :: ng, tile 
      integer, intent(in) :: LBi, UBi, LBj, UBj 
      integer, intent(in) :: IminS, ImaxS, JminS, J maxS 
      integer, intent(in) :: nstp, nnew 
! 
# ifdef ASSUMED_SHAPE 
#  ifdef MASKING 
      real(r8), intent(in) :: umask(LBi:,LBj:) 
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      real(r8), intent(in) :: vmask(LBi:,LBj:) 
#  endif 
      real(r8), intent(in) :: Huon(LBi:,LBj:,:) 
      real(r8), intent(in) :: Hvom(LBi:,LBj:,:) 
      real(r8), intent(in) :: Hz(LBi:,LBj:,:) 
      real(r8), intent(in) :: om_r(LBi:,LBj:) 
      real(r8), intent(in) :: pm(LBi:,LBj:) 
      real(r8), intent(in) :: pn(LBi:,LBj:) 
      real(r8), intent(in) :: z_r(LBi:,LBj:,:) 
      real(r8), intent(in) :: z_w(LBi:,LBj:,0:) 
      real(r8), intent(in) :: xr(LBi:,LBj:) 
      real(r8), intent(in) :: yr(LBi:,LBj:) 
      real(r8), intent(in) :: u(LBi:,LBj:,:,:) 
      real(r8), intent(in) :: v(LBi:,LBj:,:,:) 
      real(r8), intent(in) :: W(LBi:,LBj:,0:) 
      real(r8), intent(in) :: bustr(LBi:,LBj:) 
      real(r8), intent(in) :: bvstr(LBi:,LBj:) 
      real(r8), intent(in) :: sustr(LBi:,LBj:) 
      real(r8), intent(in) :: svstr(LBi:,LBj:) 
#  ifdef ZOS_HSIG 
      real(r8), intent(in) :: Hwave(LBi:,LBj:) 
#  endif 
#  ifdef TKE_WAVEDISS 
      real(r8), intent(in) :: Wave_dissip(LBi:,LBj: ) 
#  endif 
      real(r8), intent(in) :: bvf(LBi:,LBj:,0:) 
 
      real(r8), intent(inout) :: Akt(LBi:,LBj:,0:,: ) 
      real(r8), intent(inout) :: Akv(LBi:,LBj:,0:) 
      real(r8), intent(inout) :: Akk(LBi:,LBj:,0:) 
      real(r8), intent(inout) :: Akp(LBi:,LBj:,0:) 
      real(r8), intent(inout) :: Lscale(LBi:,LBj:,0 :) 
      real(r8), intent(inout) :: gls(LBi:,LBj:,0:,: ) 
      real(r8), intent(inout) :: tke(LBi:,LBj:,0:,: ) 
# else 
#  ifdef MASKING 
      real(r8), intent(in) :: umask(LBi:UBi,LBj:UBj ) 
      real(r8), intent(in) :: vmask(LBi:UBi,LBj:UBj ) 
#  endif 
      real(r8), intent(in) :: Huon(LBi:UBi,LBj:UBj, N(ng)) 
      real(r8), intent(in) :: Hvom(LBi:UBi,LBj:UBj, N(ng)) 
      real(r8), intent(in) :: Hz(LBi:UBi,LBj:UBj,N( ng)) 
      real(r8), intent(in) :: om_r(LBi:UBi,LBj:UBj)  
      real(r8), intent(in) :: pm(LBi:UBi,LBj:UBj) 
      real(r8), intent(in) :: pn(LBi:UBi,LBj:UBj) 
      real(r8), intent(in) :: z_w(LBi:UBi,LBj:UBj,0 :N(ng)) 
      real(r8), intent(in) :: z_r(LBi:UBi,LBj:UBj,N (ng)) 
      real(r8), intent(in) :: xr(LBi:UBi,LBj:UBj) 
      real(r8), intent(in) :: yr(LBi:UBi,LBj:UBj) 
      real(r8), intent(in) :: u(LBi:UBi,LBj:UBj,N(n g),2) 
      real(r8), intent(in) :: v(LBi:UBi,LBj:UBj,N(n g),2) 
      real(r8), intent(in) :: W(LBi:UBi,LBj:UBj,0:N (ng)) 
      real(r8), intent(in) :: bustr(LBi:UBi,LBj:UBj ) 
      real(r8), intent(in) :: bvstr(LBi:UBi,LBj:UBj ) 
      real(r8), intent(in) :: sustr(LBi:UBi,LBj:UBj ) 
      real(r8), intent(in) :: svstr(LBi:UBi,LBj:UBj ) 
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#  if defined ZOS_HSIG 
      real(r8), intent(in) :: Hwave(LBi:UBi,LBj:UBj ) 
#  endif 
#  ifdef TKE_WAVEDISS 
      real(r8), intent(in) :: Wave_dissip(LBi:UBi,L Bj:UBj) 
#  endif 
      real(r8), intent(in) :: bvf(LBi:UBi,LBj:UBj,0 :N(ng)) 
 
      real(r8), intent(inout) :: Akt(LBi:UBi,LBj:UB j,0:N(ng),NAT) 
      real(r8), intent(inout) :: Akv(LBi:UBi,LBj:UB j,0:N(ng)) 
      real(r8), intent(inout) :: Akk(LBi:UBi,LBj:UB j,0:N(ng)) 
      real(r8), intent(inout) :: Akp(LBi:UBi,LBj:UB j,0:N(ng)) 
      real(r8), intent(inout) :: Lscale(LBi:UBi,LBj :UBj,0:N(ng)) 
      real(r8), intent(inout) :: gls(LBi:UBi,LBj:UB j,0:N(ng),3) 
      real(r8), intent(inout) :: tke(LBi:UBi,LBj:UB j,0:N(ng),3) 
# endif 
! 
!  Local variable declarations. 
! 
      logical :: Lmy25 
# ifdef DISTRIBUTE 
#  ifdef EW_PERIODIC 
      logical :: EWperiodic=.TRUE. 
#  else 
      logical :: EWperiodic=.FALSE. 
#  endif 
#  ifdef NS_PERIODIC 
      logical :: NSperiodic=.TRUE. 
#  else 
      logical :: NSperiodic=.FALSE. 
#  endif 
# endif 
      integer :: i, itrc, j, k 
 
      real(r8), parameter :: Gadv = 1.0_r8/3.0_r8 
      real(r8), parameter :: eps = 1.0E-10_r8 
      real(r8) :: Zos_min, Zob_min 
 
 
 
      real(r8) :: Gh, Gm, Kprod, Ls_unlmt, Ls_lmt, Pprod, Sh, Sm 
      real(r8) :: cff, cff1, cff2, cff3 
! Turbulence correction parameters 
      real(r8) :: coef1, coef2, coef3, coef4, coef5 , coef6, kcff 
      real(r8) :: diam, zturb, xturb, yturb 
      real(r8) :: T_k, T_gls, c_p, c_d, cpx, c_gls 
      real(r8) :: wi, we 
      logical :: T1, T2, T3, T4 
! 
      real(r8) :: cmu_fac1, cmu_fac2, cmu_fac3, cmu _fac4 
      real(r8) :: gls_c3, gls_exp1, gls_fac1, gls_f ac2, gls_fac3 
      real(r8) :: gls_fac4, gls_fac5, gls_fac6, ql,  sqrt2, strat2 
      real(r8) :: tke_exp1, tke_exp2, tke_exp3, tke _exp4, wall_fac 
      real(r8) :: gls_d, gls_sigp_cb, ogls_sigp, si g_eff 
      real(r8) :: L_sft 
# if defined CRAIG_BANNER || defined TKE_WAVEDISS 
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      real(r8) :: cb_wallE 
# endif 
 
      real(r8), dimension(IminS:ImaxS) :: tke_fluxt  
      real(r8), dimension(IminS:ImaxS) :: tke_fluxb  
      real(r8), dimension(IminS:ImaxS) :: gls_fluxt  
      real(r8), dimension(IminS:ImaxS) :: gls_fluxb  
      real(r8), dimension(IminS:ImaxS) :: Zos_eff 
 
      real(r8), dimension(IminS:ImaxS,0:N(ng)) :: B CK 
      real(r8), dimension(IminS:ImaxS,0:N(ng)) :: B CP 
      real(r8), dimension(IminS:ImaxS,0:N(ng)) :: C F 
      real(r8), dimension(IminS:ImaxS,0:N(ng)) :: F CK 
      real(r8), dimension(IminS:ImaxS,0:N(ng)) :: F CP 
      real(r8), dimension(IminS:ImaxS,0:N(ng)) :: d U 
      real(r8), dimension(IminS:ImaxS,0:N(ng)) :: d V 
 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS,0 :N(ng)) :: shear2 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS,0 :N(ng)) :: buoy2 
 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: FEK 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: FEP 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: FXK 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: FXP 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: curvK 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: curvP 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: gradK 
      real(r8), dimension(IminS:ImaxS,JminS:JmaxS) :: gradP 
 
# include "set_bounds.h" 
! 
!-------------------------------------------------- --------------------- 
!  Compute several constants. 
!-------------------------------------------------- --------------------- 
! 
      Zos_min=MAX(Zos(ng),0.0001_r8) 
      Zob_min=MAX(Zob(ng),0.0001_r8) 
! 
      Lmy25=.FALSE. 
      IF ((gls_p(ng).eq.0.0_r8).and.                                    & 
     &    (gls_n(ng).eq.1.0_r8).and.                                    & 
     &    (gls_m(ng).eq.1.0_r8)) THEN 
        Lmy25=.TRUE. 
      END IF 
 
# if defined CRAIG_BANNER || defined TKE_WAVEDISS 
      IF (Lmy25) THEN 
!!      cb_wallE=1.0_r8+gls_E2 
        cb_wallE=1.25_r8 
      ELSE 
        cb_wallE=1.0_r8 
      END IF 
      L_sft=vonKar 
      cff1=sqrt(1.5_r8*gls_sigk(ng))*gls_cmu0(ng)/L _sft 
      gls_sigp_cb=L_sft**2/(gls_cmu0(ng)**2*gls_c2( ng)*cb_wallE)*       & 
     &            (gls_n(ng)**2-                                        & 
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     &             cff1*gls_n(ng)/3.0_r8*(4.0_r8*gl s_m(ng)+1.0_r8)+     & 
     &             cff1**2*gls_m(ng)/9.0_r8*(2.0_r8 +4.0_r8*gls_m(ng))) 
# else 
      L_sft=vonKar 
      gls_sigp_cb=gls_sigp(ng) 
# endif 
      ogls_sigp=1.0_r8/gls_sigp_cb 
! 
      sqrt2=SQRT(2.0_r8) 
      cmu_fac1=gls_cmu0(ng)**(-gls_p(ng)/gls_n(ng))  
      cmu_fac2=gls_cmu0(ng)**(3.0_r8+gls_p(ng)/gls_ n(ng)) 
      cmu_fac3=1.0_r8/gls_cmu0(ng)**2.0_r8 
      cmu_fac4=(1.5_r8*gls_sigk(ng))**(1.0_r8/3.0_r 8)/                  & 
     &         (gls_cmu0(ng)**(4.0_r8/3.0_r8)) 
      gls_fac1=gls_n(ng)*gls_cmu0(ng)**(gls_p(ng)+1 .0_r8) 
      gls_fac2=gls_cmu0(ng)**(gls_p(ng))*gls_n(ng)*                      & 
     &         vonKar**(gls_n(ng)) 
      gls_fac3=gls_cmu0(ng)**(gls_p(ng))*gls_n(ng) 
      gls_fac4=gls_cmu0(ng)**(gls_p(ng))*                               & 
     &         (vonKar*Zob_min)**(gls_n(ng)) 
      gls_fac5=0.56_r8**(0.5_r8*gls_n(ng))*gls_cmu0 (ng)**gls_p(ng) 
      gls_fac6=8.0_r8/gls_cmu0(ng)**6.0_r8 
! 
      gls_exp1=1.0_r8/gls_n(ng) 
      tke_exp1=gls_m(ng)/gls_n(ng) 
      tke_exp2=0.5_r8+gls_m(ng)/gls_n(ng) 
      tke_exp3=0.5_r8+gls_m(ng) 
      tke_exp4=gls_m(ng)+0.5_r8*gls_n(ng) 
! 
!-------------------------------------------------- --------------------- 
!  Compute vertical velocity shear at W-points. 
!-------------------------------------------------- --------------------- 
! 
# define I_RANGE MAX(1,Istr-1),MIN(Iend+1,Lm(ng)) 
# define J_RANGE MAX(1,Jstr-1),MIN(Jend+1,Mm(ng)) 
# ifdef SPLINES 
      DO j=J_RANGE 
        DO i=I_RANGE 
          CF(i,0)=0.0_r8 
          dU(i,0)=0.0_r8 
          dV(i,0)=0.0_r8 
        END DO 
        DO k=1,N(ng)-1 
          DO i=I_RANGE 
            cff=1.0_r8/(2.0_r8*Hz(i,j,k+1)+                             & 
     &                  Hz(i,j,k)*(2.0_r8-CF(i,k-1) )) 
            CF(i,k)=cff*Hz(i,j,k+1) 
            dU(i,k)=cff*(3.0_r8*(u(i  ,j,k+1,nstp)- u(i,  j,k,nstp)+     & 
     &                           u(i+1,j,k+1,nstp)- u(i+1,j,k,nstp))-    & 
     &                   Hz(i,j,k)*dU(i,k-1)) 
            dV(i,k)=cff*(3.0_r8*(v(i,j  ,k+1,nstp)- v(i,j  ,k,nstp)+     & 
     &                           v(i,j+1,k+1,nstp)- v(i,j+1,k,nstp))-    & 
     &                   Hz(i,j,k)*dV(i,k-1)) 
          END DO 
        END DO 
        DO i=I_RANGE 
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          dU(i,N(ng))=0.0_r8 
          dV(i,N(ng))=0.0_r8 
        END DO 
        DO k=N(ng)-1,1,-1 
          DO i=I_RANGE 
            dU(i,k)=dU(i,k)-CF(i,k)*dU(i,k+1) 
            dV(i,k)=dV(i,k)-CF(i,k)*dV(i,k+1) 
          END DO 
        END DO 
        DO k=1,N(ng)-1 
          DO i=I_RANGE 
            shear2(i,j,k)=dU(i,k)*dU(i,k)+dV(i,k)*d V(i,k) 
          END DO 
        END DO 
      END DO 
# else 
      DO k=1,N(ng)-1 
        DO j=J_RANGE 
          DO i=I_RANGE 
            cff=0.5_r8/(z_r(i,j,k+1)-z_r(i,j,k)) 
            shear2(i,j,k)=(cff*(u(i  ,j,k+1,nstp)-u (i  ,j,k,nstp)+      & 
     &                          u(i+1,j,k+1,nstp)-u (i+1,j,k,nstp)))**2+ & 
     &                    (cff*(v(i,j  ,k+1,nstp)-v (i,j  ,k,nstp)+      & 
     &                          v(i,j+1,k+1,nstp)-v (i,j+1,k,nstp)))**2 
          END DO 
        END DO 
      END DO 
# endif 
# undef I_RANGE 
# undef J_RANGE 
! 
! Load Brunt-Vaisala frequency. 
! 
      DO k=1,N(ng)-1 
        DO j=Jstr-1,Jend+1 
          DO i=Istr-1,Iend+1 
            buoy2(i,j,k)=bvf(i,j,k) 
          END DO 
        END DO 
      END DO 
# ifdef N2S2_HORAVG 
! 
!-------------------------------------------------- --------------------- 
!  Smooth horizontally buoyancy and shear.  Use buo y2(:,:,0) and 
!  shear2(:,:,0) as scratch utility array. 
!-------------------------------------------------- --------------------- 
! 
      DO k=1,N(ng)-1 
        IF (WESTERN_EDGE) THEN 
          DO j=MAX(1,Jstr-1),MIN(Jend+1,Mm(ng)) 
            shear2(Istr-1,j,k)=shear2(Istr,j,k) 
          END DO 
        END IF 
        IF (EASTERN_EDGE) THEN 
          DO j=MAX(1,Jstr-1),MIN(Jend+1,Mm(ng)) 
            shear2(Iend+1,j,k)=shear2(Iend,j,k) 
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          END DO 
        END IF 
        IF (SOUTHERN_EDGE) THEN 
          DO i=MAX(1,Istr-1),MIN(Iend+1,Lm(ng)) 
            shear2(i,Jstr-1,k)=shear2(i,Jstr,k) 
          END DO 
        END IF 
        IF (NORTHERN_EDGE) THEN 
          DO i=MAX(1,Istr-1),MIN(Iend+1,Lm(ng)) 
            shear2(i,Jend+1,k)=shear2(i,Jend,k) 
          END DO 
        END IF 
        IF (SOUTH_WEST_CORNER) THEN 
          shear2(Istr-1,Jstr-1,k)=shear2(Istr,Jstr, k) 
        END IF 
        IF (NORTH_WEST_CORNER) THEN 
          shear2(Istr-1,Jend+1,k)=shear2(Istr,Jend, k) 
        END IF 
        IF (SOUTH_EAST_CORNER) THEN 
          shear2(Iend+1,Jstr-1,k)=shear2(Iend,Jstr, k) 
        END IF 
        IF (NORTH_EAST_CORNER) THEN 
          shear2(Iend+1,Jend+1,k)=shear2(Iend,Jend, k) 
        END IF 
! 
!  Average horizontally. 
! 
        DO j=Jstr-1,Jend 
          DO i=Istr-1,Iend 
            buoy2(i,j,0)=0.25_r8*(buoy2(i,j  ,k)+bu oy2(i+1,j  ,k)+      & 
     &                            buoy2(i,j+1,k)+bu oy2(i+1,j+1,k)) 
            shear2(i,j,0)=0.25_r8*(shear2(i,j  ,k)+ shear2(i+1,j  ,k)+   & 
     &                             shear2(i,j+1,k)+ shear2(i+1,j+1,k)) 
          END DO 
        END DO 
        DO j=Jstr,Jend 
          DO i=Istr,Iend 
            buoy2(i,j,k)=0.25_r8*(buoy2(i,j  ,0)+bu oy2(i-1,j  ,0)+      & 
     &                            buoy2(i,j-1,0)+bu oy2(i-1,j-1,0)) 
            shear2(i,j,k)=0.25_r8*(shear2(i,j  ,0)+ shear2(i-1,j  ,0)+   & 
     &                             shear2(i,j-1,0)+ shear2(i-1,j-1,0)) 
          END DO 
        END DO 
      END DO 
# endif 
! 
!-------------------------------------------------- --------------------- 
!  Time-step advective terms. 
!-------------------------------------------------- --------------------- 
! 
!  At entry, it is assumed that the turbulent kinet ic energy fields 
!  "tke" and "gls", at time level "nnew", are set t o its values at 
!  time level "nstp" multiplied by the grid box thi cknesses Hz 
!  (from old time step and at W-points). 
! 
      DO k=1,N(ng)-1 



�6�������
����� �

2/6�

# ifdef K_C2ADVECTION 
! 
!  Second-order, centered differences advection. 
! 
        DO j=Jstr,Jend 
          DO i=Istr,Iend+1 
            cff=0.25_r8*(Huon(i,j,k)+Huon(i,j,k+1))  
            FXK(i,j)=cff*(tke(i,j,k,3)+tke(i-1,j,k, 3)) 
            FXP(i,j)=cff*(gls(i,j,k,3)+gls(i-1,j,k, 3)) 
          END DO 
        END DO 
        DO j=Jstr,Jend+1 
          DO i=Istr,Iend 
            cff=0.25_r8*(Hvom(i,j,k)+Hvom(i,j,k+1))  
            FEK(i,j)=cff*(tke(i,j,k,3)+tke(i,j-1,k, 3)) 
            FEP(i,j)=cff*(gls(i,j,k,3)+gls(i,j-1,k, 3)) 
          END DO 
        END DO 
# else 
#  ifdef EW_PERIODIC 
#   define I_RANGE Istr-1,Iend+2 
#  else 
#   define I_RANGE MAX(Istr-1,1),MIN(Iend+2,Lm(ng)+ 1) 
#  endif 
        DO j=Jstr,Jend 
          DO i=I_RANGE 
            gradK(i,j)=(tke(i,j,k,3)-tke(i-1,j,k,3) ) 
#  ifdef MASKING 
            gradK(i,j)=gradK(i,j)*umask(i,j) 
#  endif 
            gradP(i,j)=(gls(i,j,k,3)-gls(i-1,j,k,3) ) 
#  ifdef MASKING 
            gradP(i,j)=gradP(i,j)*umask(i,j) 
#  endif 
          END DO 
        END DO 
#  undef I_RANGE 
#  ifndef EW_PERIODIC 
        IF (WESTERN_EDGE) THEN 
          DO j=Jstr,Jend 
            gradK(Istr-1,j)=gradK(Istr,j) 
            gradP(Istr-1,j)=gradP(Istr,j) 
          END DO 
        END IF 
        IF (EASTERN_EDGE) THEN 
          DO j=Jstr,Jend 
            gradK(Iend+2,j)=gradK(Iend+1,j) 
            gradP(Iend+2,j)=gradP(Iend+1,j) 
          END DO 
        END IF 
#  endif 
#  ifdef K_C4ADVECTION 
! 
!  Fourth-order, centered differences advection. 
! 
        cff1=1.0_r8/6.0_r8 
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        DO j=Jstr,Jend 
          DO i=Istr,Iend+1 
            cff=0.5_r8*(Huon(i,j,k)+Huon(i,j,k+1)) 
            FXK(i,j)=cff*0.5_r8*(tke(i-1,j,k,3)+tke (i,j,k,3)-           & 
     &                           cff1*(gradK(i+1,j) -gradK(i-1,j))) 
            FXP(i,j)=cff*0.5_r8*(gls(i-1,j,k,3)+gls (i,j,k,3)-           & 
     &                           cff1*(gradP(i+1,j) -gradP(i-1,j))) 
          END DO 
        END DO 
#  else 
! 
!  Third-order, upstream bias advection with veloci ty dependent 
!  hyperdiffusion. 
! 
        DO j=Jstr,Jend 
          DO i=Istr-1,Iend+1 
            curvK(i,j)=gradK(i+1,j)-gradK(i,j) 
            curvP(i,j)=gradP(i+1,j)-gradP(i,j) 
          END DO 
        END DO 
        DO j=Jstr,Jend 
          DO i=Istr,Iend+1 
            cff=0.5_r8*(Huon(i,j,k)+Huon(i,j,k+1)) 
            IF (cff.gt.0.0_r8) THEN 
              cff1=curvK(i-1,j) 
              cff2=curvP(i-1,j) 
            ELSE 
              cff1=curvK(i,j) 
              cff2=curvP(i,j) 
            END IF 
            FXK(i,j)=cff*0.5_r8*(tke(i-1,j,k,3)+tke (i,j,k,3)-           & 
     &                           Gadv*cff1) 
            FXP(i,j)=cff*0.5_r8*(gls(i-1,j,k,3)+gls (i,j,k,3)-           & 
     &                           Gadv*cff2) 
          END DO 
        END DO 
#  endif 
#  ifdef NS_PERIODIC 
#   define J_RANGE Jstr-1,Jend+2 
#  else 
#   define J_RANGE MAX(Jstr-1,1),MIN(Jend+2,Mm(ng)+ 1) 
#  endif 
        DO j=J_RANGE 
          DO i=Istr,Iend 
            gradK(i,j)=(tke(i,j,k,3)-tke(i,j-1,k,3) ) 
#  ifdef MASKING 
            gradK(i,j)=gradK(i,j)*vmask(i,j) 
#  endif 
            gradP(i,j)=(gls(i,j,k,3)-gls(i,j-1,k,3) ) 
#  ifdef MASKING 
            gradP(i,j)=gradP(i,j)*vmask(i,j) 
#  endif 
          END DO 
        END DO 
#  undef J_RANGE 
#  ifndef NS_PERIODIC 
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        IF (SOUTHERN_EDGE) THEN 
          DO i=Istr,Iend 
            gradK(i,Jstr-1)=gradK(i,Jstr) 
            gradP(i,Jstr-1)=gradP(i,Jstr) 
          END DO 
        END IF 
        IF (NORTHERN_EDGE) THEN 
          DO i=Istr,Iend 
            gradK(i,Jend+2)=gradK(i,Jend+1) 
            gradP(i,Jend+2)=gradP(i,Jend+1) 
          END DO 
        END IF 
#  endif 
#  ifdef K_C4ADVECTION 
        cff1=1.0_r8/6.0_r8 
        DO j=Jstr,Jend+1 
          DO i=Istr,Iend 
            cff=0.5_r8*(Hvom(i,j,k)+Hvom(i,j,k+1)) 
            FEK(i,j)=cff*0.5_r8*(tke(i,j-1,k,3)+tke (i,j,k,3)-           & 
     &                           cff1*(gradK(i,j+1) -gradK(i,j-1))) 
            FEP(i,j)=cff*0.5_r8*(gls(i,j-1,k,3)+gls (i,j,k,3)-           & 
     &                           cff1*(gradP(i,j+1) -gradP(i,j-1))) 
          END DO 
        END DO 
#  else 
        DO j=Jstr-1,Jend+1 
          DO i=Istr,Iend 
            curvK(i,j)=gradK(i,j+1)-gradK(i,j) 
            curvP(i,j)=gradP(i,j+1)-gradP(i,j) 
          END DO 
        END DO 
        DO j=Jstr,Jend+1 
          DO i=Istr,Iend 
            cff=0.5_r8*(Hvom(i,j,k)+Hvom(i,j,k+1)) 
            IF (cff.gt.0.0_r8) THEN 
              cff1=curvK(i,j-1) 
              cff2=curvP(i,j-1) 
            ELSE 
              cff1=curvK(i,j) 
              cff2=curvP(i,j) 
            END IF 
            FEK(i,j)=cff*0.5_r8*(tke(i,j-1,k,3)+tke (i,j,k,3)-           & 
     &                           Gadv*cff1) 
            FEP(i,j)=cff*0.5_r8*(gls(i,j-1,k,3)+gls (i,j,k,3)-           & 
     &                           Gadv*cff2) 
          END DO 
        END DO 
#  endif 
# endif 
! 
!  Time-step horizontal advection. 
! 
        DO j=Jstr,Jend 
          DO i=Istr,Iend 
            cff=dt(ng)*pm(i,j)*pn(i,j) 
            tke(i,j,k,nnew)=tke(i,j,k,nnew)-                            & 
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     &                      cff*(FXK(i+1,j)-FXK(i,j )+                   & 
     &                           FEK(i,j+1)-FEK(i,j )) 
            tke(i,j,k,nnew)=MAX(tke(i,j,k,nnew),gls _Kmin(ng)) 
            gls(i,j,k,nnew)=gls(i,j,k,nnew)-                            & 
     &                      cff*(FXP(i+1,j)-FXP(i,j )+                   & 
     &                           FEP(i,j+1)-FEP(i,j )) 
            gls(i,j,k,nnew)=MAX(gls(i,j,k,nnew),gls _Pmin(ng)) 
          END DO 
        END DO 
      END DO 
! 
! Compute vertical advection. 
! 
      DO j=Jstr,Jend 
# ifdef K_C2ADVECTION 
        DO k=1,N(ng) 
          DO i=Istr,Iend 
            cff=0.25_r8*(W(i,j,k)+W(i,j,k-1)) 
            FCK(i,k)=cff*(tke(i,j,k,3)+tke(i,j,k-1, 3)) 
            FCP(i,k)=cff*(gls(i,j,k,3)+gls(i,j,k-1, 3)) 
          END DO 
        END DO 
# else 
        cff1=7.0_r8/12.0_r8 
        cff2=1.0_r8/12.0_r8 
        DO k=2,N(ng)-1 
          DO i=Istr,Iend 
            cff=0.5*(W(i,j,k)+W(i,j,k-1)) 
            FCK(i,k)=cff*(cff1*(tke(i,j,k-1,3)+                         & 
     &                          tke(i,j,k  ,3))-                        & 
     &                    cff2*(tke(i,j,k-2,3)+                         & 
     &                          tke(i,j,k+1,3))) 
            FCP(i,k)=cff*(cff1*(gls(i,j,k-1,3)+                         & 
     &                          gls(i,j,k  ,3))-                        & 
     &                    cff2*(gls(i,j,k-2,3)+                         & 
     &                          gls(i,j,k+1,3))) 
          END DO 
        END DO 
        cff1=1.0_r8/3.0_r8 
        cff2=5.0_r8/6.0_r8 
        cff3=1.0_r8/6.0_r8 
         DO i=Istr,Iend 
          cff=0.5_r8*(W(i,j,0)+W(i,j,1)) 
          FCK(i,1)=cff*(cff1*tke(i,j,0,3)+                              & 
     &                  cff2*tke(i,j,1,3)-                              & 
     &                  cff3*tke(i,j,2,3)) 
          FCP(i,1)=cff*(cff1*gls(i,j,0,3)+                              & 
     &                  cff2*gls(i,j,1,3)-                              & 
     &                  cff3*gls(i,j,2,3)) 
          cff=0.5_r8*(W(i,j,N(ng))+W(i,j,N(ng)-1)) 
          FCK(i,N(ng))=cff*(cff1*tke(i,j,N(ng)  ,3) +                    & 
     &                      cff2*tke(i,j,N(ng)-1,3) -                    & 
     &                      cff3*tke(i,j,N(ng)-2,3) ) 
          FCP(i,N(ng))=cff*(cff1*gls(i,j,N(ng)  ,3) +                    & 
     &                      cff2*gls(i,j,N(ng)-1,3) -                    & 
     &                      cff3*gls(i,j,N(ng)-2,3) ) 
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        END DO 
# endif 
! 
!  Time-step vertical advection term. 
! 
        DO k=1,N(ng)-1 
          DO i=Istr,Iend 
            cff=dt(ng)*pm(i,j)*pn(i,j) 
            tke(i,j,k,nnew)=tke(i,j,k,nnew)-                            & 
     &                      cff*(FCK(i,k+1)-FCK(i,k )) 
            tke(i,j,k,nnew)=MAX(tke(i,j,k,nnew),gls _Kmin(ng)) 
            gls(i,j,k,nnew)=gls(i,j,k,nnew)-                            & 
     &                      cff*(FCP(i,k+1)-FCP(i,k )) 
            gls(i,j,k,nnew)=MAX(gls(i,j,k,nnew),gls _Pmin(ng)) 
          END DO 
        END DO 
! 
!-------------------------------------------------- -------------------- 
!  Compute vertical mixing, turbulent production, t urbulent 
!  dissipation terms and the turbulence correction term for turbine. 
!-------------------------------------------------- -------------------- 
! 
!  Set term for vertical mixing of turbulent fields . 
! 
        cff=-0.5_r8*dt(ng) 
        DO i=Istr,Iend 
          DO k=2,N(ng)-1 
            FCK(i,k)=cff*(Akk(i,j,k)+Akk(i,j,k-1))/ Hz(i,j,k) 
            FCP(i,k)=cff*(Akp(i,j,k)+Akp(i,j,k-1))/ Hz(i,j,k) 
            CF(i,k)=0.0_r8 
          END DO 
          FCP(i,1)=0.0_r8 
          FCP(i,N(ng))=0.0_r8 
          FCK(i,1)=0.0_r8 
          FCK(i,N(ng))=0.0_r8 
        END DO 
! 
!  Compute production and dissipation terms. 
! 
        DO i=Istr,Iend 
          DO k=1,N(ng)-1 
! 
!  Compute shear and bouyant production of turbulen t energy (m3/s3) 
!  at W-points (ignore small negative values of buo yancy). 
! 
            strat2=buoy2(i,j,k) 
            IF (strat2.gt.0.0_r8) THEN 
              gls_c3=gls_c3m(ng) 
            ELSE 
              gls_c3=gls_c3p(ng) 
            END IF 
            Kprod=shear2(i,j,k)*(Akv(i,j,k)-Akv_bak (ng))-               & 
     &            strat2*(Akt(i,j,k,itemp)-Akt_bak( itemp,ng)) 
            Pprod=gls_c1(ng)*shear2(i,j,k)*(Akv(i,j ,k)-Akv_bak(ng))-    & 
     &            gls_c3*strat2*(Akt(i,j,k,itemp)-A kt_bak(itemp,ng)) 
! 
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!  If negative production terms, then add buoyancy to dissipation terms 
!  (BCK and BCP) below, using "cff1" and "cff2" as the on/off switch. 
! 
            cff1=1.0_r8 
            IF (Kprod.lt.0.0_r8) THEN 
              Kprod=Kprod+strat2*(Akt(i,j,k,itemp)- Akt_bak(itemp,ng)) 
              cff1=0.0_r8 
            END IF 
            cff2=1.0_r8 
            IF (Pprod.lt.0.0_r8) THEN 
              Pprod=Pprod+gls_c3*strat2*(Akt(i,j,k, itemp)-              & 
     &                                   Akt_bak(it emp,ng)) 
              cff2=0.0_r8 
            END IF 
! 
!-------------------------------------------------- ---------------------- 
!   Compute the turbulence correction term. 
!-------------------------------------------------- ---------------------- 
! 
 
!Turbine features 
          diam=0.1_r8 
          zturb=-0.15_r8 
          xturb=4.05_r8 
          yturb=0.65_r8 
          coef1=0.5_r8*diam 
 
!turbine localisation (start IF LOOP) 
            T1=(xr(i,j).GE.(xturb-(om_r(i,j)/2.0_r8 ))).AND.             & 
     &         (xr(i,j).LE.(xturb+(om_r(i,j)/2.0_r8 ))) 
            T2=(yr(i,j).GE.(yturb-(coef1))).AND.                        & 
     &         (yr(i,j).LE.(yturb+(coef1))) 
            T3=(z_w(i,j,k).GE.(zturb-coef1)).AND.                       & 
     &         (z_w(i,j,k).LE.(zturb+coef1)) 
 
            IF (T2.AND.T3)  THEN             
 
!   Tuning parameters 
          kcff=1000.0_r8 !Density anomaly correctio n 
          wi=0.001_r8 !Chord*sin(pitch angle)=turbi ne apparent width 
          we=wi/(0.5_r8*(om_r(i-1,j)+om_r(i,j))) !v olumic weight due to 
numerical smearing 
          cpx=0.322_r8 !=Ct*root(1-Ct) 
          c_p=0.05_r8 
          c_d=1.5_r8 
          c_gls=4.0_r8 
 
!correction term cf. Rados 2009                  
              IF (T1) THEN 
          coef4=(gls_cmu0(ng)**3.0_r8)*((tke(i,j,k, nstp)**1.5_r8)/      & 
     &          Lscale(i,j,k)) 
          coef2=(shear2(i,j,k)*(Akv(i,j,k)-Akv_bak( ng)))**2.0_r8 
          T_gls=kcff*(c_gls*((cpx*we)**2.0_r8)*coef 2)/coef4 
!-------------------------------------------------- ---------------------- 
          coef5=ABS(0.25_r8*(u(i,j,k,nstp)+u(i,j,k+ 1,nstp)              & 
     &             + u(i,j+1,k,nstp)+u(i,j+1,k+1,ns tp))) 
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          T_k=((cpx*we)/(0.5_r8*(om_r(i-1,j)+om_r(i ,j))))               & 
              *((c_p*(coef5**3.0_r8))-(c_d*coef5*tk e(i,j,k,nstp))) 
          coef3=1.0_r8 
              ELSE 
          coef3=0.0_r8 
              END IF 
            ELSE 
          coef3=0.0_r8 
            END IF            
 
! 
!  Time-step shear and buoyancy production terms an d the correction term. 
! 
            cff=0.5_r8*(Hz(i,j,k)+Hz(i,j,k+1)) 
            tke(i,j,k,nnew)=tke(i,j,k,nnew)+                            & 
     &                      dt(ng)*cff*Kprod+                           & 
!Turbine term 
     &                     coef3*cff*dt(ng)*T_k 
 
            gls(i,j,k,nnew)=gls(i,j,k,nnew)+                            & 
     &                      (dt(ng)*cff*(Pprod+(coe f3*T_gls))*          & 
     &                gls(i,j,k,nstp)/MAX(tke(i,j,k ,nstp),gls_Kmin(ng))) 
!Turbine Terms 
      
! 
!  Compute dissipation of turbulent energy (m3/s3).  
! 
            wall_fac=1.0_r8 
            IF (Lmy25) THEN 
! 
!  Parabolic wall function,  L = ds db / (ds + db).  
! 
!!            wall_fac=1.0_r8+gls_E2/(vonKar*vonKar )*                   & 
!!   &                 (gls(i,j,k,nstp)**( gls_exp1 )*cmu_fac1*          & 
!!   &                  tke(i,j,k,nstp)**(-tke_exp1 )*                   & 
!!   &                  (1.0_r8/(z_w(i,j,N(ng))-z_w (i,j,k))+            & 
!!   &                   1.0_r8/(z_w(i,j,k)-z_w(i,j ,0))))**2 
!! 
!! Triangular wall function, L = min (ds, db). 
!! 
!!            wall_fac=1.0_r8+gls_E2/(vonKar*vonKar )*                   & 
!!   &                 (gls(i,j,k,nstp)**( gls_exp1 )*cmu_fac1*          & 
!!   &                  tke(i,j,k,nstp)**(-tke_exp1 )*                   & 
!!   &                  (1.0_r8/MIN((z_w(i,j,N(ng)) -z_w(i,j,k)),        & 
!!   &                              (z_w(i,j,k)-z_w (i,j,0)))))**2 
!! 
!! Linear wall function for , L = ds (=dist to surf ace). 
 
!            wall_fac=1.0_r8+gls_E2/(vonKar*vonKar) *                   & 
!   &                 (gls(i,j,k,nstp)**( gls_exp1) *cmu_fac1*          & 
!   &                  tke(i,j,k,nstp)**(-tke_exp1) *                   & 
!   &                 (1.0_r8/ (z_w(i,j,N(ng))-z_w( i,j,k))))**2 
 
!! Parabolic wall function + free surface correctio n 
! 
            wall_fac=1.0_r8+gls_E2/(vonKar*vonKar)*                      & 
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     &                (gls(i,j,k,nstp)**( gls_exp1) *cmu_fac1*           & 
     &                 tke(i,j,k,nstp)**(-tke_exp1) *                    & 
     &                 (1.0_r8/ (z_w(i,j,k)-z_w(i,j ,0))))**2+           & 
     &                0.25_r8/(vonKar*vonKar)*                          & 
     &                (gls(i,j,k,nstp)**( gls_exp1) *cmu_fac1*           & 
     &                 tke(i,j,k,nstp)**(-tke_exp1) *                    & 
     &                 (1.0_r8/ (z_w(i,j,N(ng))-z_w (i,j,k))))**2 
            END IF 
! 
            BCK(i,k)=cff*(1.0_r8+dt(ng)*                                & 
     &                    gls(i,j,k,nstp)**(-gls_ex p1)*cmu_fac2*        & 
     &                    tke(i,j,k,nstp)**( tke_ex p2)+                 & 
     &                    dt(ng)*(1.0_r8-cff1)*stra t2*                  & 
     &                    (Akt(i,j,k,itemp)-Akt_bak (itemp,ng))/         & 
     &                    tke(i,j,k,nstp))-                             & 
     &                    FCK(i,k)-FCK(i,k+1) 
            BCP(i,k)=cff*(1.0_r8+dt(ng)*gls_c2(ng)* wall_fac*            & 
     &                    gls(i,j,k,nstp)**(-gls_ex p1)*cmu_fac2*        & 
     &                    tke(i,j,k,nstp)**( tke_ex p2)+                 & 
     &                    dt(ng)*(1.0_r8-cff2)*gls_ c3*strat2*           & 
     &                    (Akt(i,j,k,itemp)-Akt_bak (itemp,ng))/         & 
     &                    tke(i,j,k,nstp))-                             & 
     &                    FCP(i,k)-FCP(i,k+1) 
          END DO 
        END DO 
! 
!-------------------------------------------------- --------------------- 
!  Time-step dissipation and vertical diffusion ter ms implicitly. 
!-------------------------------------------------- --------------------- 
... 
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