Recent CLM4.5 Refactoring
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We have recently completed a number of significant code refactorings in the CLM 4_5 code base. You will only notice differences in the code if your
starting point is prior to cilm4_5_10 and you are merging to a recent tag. We strongly urge you to look over the source code in a CLM trunk tag that is at
least as recent as clm4_5_36. Please feel free to contact us at CLM-CMT@cgd.ucar.edu with any questions and we will be happy to assist you.

Parameters in CLM 4_5
Associate refactor

Refactor cimtype
Preprocessor macro removal
The bounds type

Parameters in CLM 4_5

® We are in the process of moving parameters and physical constants out of assignments in code to values stored in netcdf files. This makes our
code easier to maintain and modify, but most importantly, allows users to do sensitivity analysis tests in an easier way. There are three points to
our approach that are worth explaining by example:
1. If a parameter is only used within one module, then that parameter is private to that module and read by a routine that is a part of that
module.

Private Parameters - example from CNAllocationMod.F90

type :: CNAI | ocPar ansType

real (r8) :: bdnr lbulk denitrification rate (1/s)
real (r8) :: dayscrecover I'nunber of days to recover negative cpool
real (r8) :: conpet_plant_no3 ! (unitless) relative conpettiveness of plants for NO3

real (r8) :: conpet_plant_nh4 ! (unitless) relative conpettiveness of plants for NH4

real (r8) :: conpet_deconp_no3 ! (unitless) relative conpetitiveness of inmmobilizers for NO3

real (r8) :: conpet_deconp_nh4 ! (unitless) relative conpetitiveness of inmobilizers for NH#4

real (r8) :: conpet_denit ! (unitless) relative conpetitiveness of denitrifiers for NO3

real (r8) conpet _nit I (unitless) relative conpetitiveness of nitrifiers for NH4
end type CNAI I ocPar ansType

type(CNAI | ocParanmsType), protected :: CNAl | ocParansl nst
subroutine readCNAl | ocParanms ( ncid )

! read in paraneters

tString="bdnr'

call ncd_io(varnane=trimtString),data=tenpr, flag='read', ncid=ncid, readvar=readv)
if ( .not. readv ) call endrun( trim(subnane)//trim(errCode)//trin(tString))

CNAI | ocPar ansl nst %bdnr =t enpr

tString="dayscrecover'

call ncd_io(varnane=trimtString),data=tenpr, flag="read', ncid=ncid, readvar=readv)
if ( .not. readv ) call endrun( trim(subnane)//trim(errCode)//trin(tString))

CNAl | ocPar ansl nst %dayscr ecover =t enpr

end subroutine readCNAl | ocPar ans

!

! now use the paraneters in CNAllocationlnit

!

bdnr CNAIl | ocPar ansl nst %dnr * (dt/secspday)
dayscrecover = CNAl | ocPar anmsl nst ¥%dayscr ecover

2. If a parameter is shared by more than one module, then it is placed in a module whose only purpose is to read that shared module.
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Shared Parameters - example from CNSharedParamsMod.F90 and CNDecompCascadeCNMod.F90

type, public :: CNParansShareType
real (r8) :: QO ! tenperature dependence
real (r8) :: mnpsi ! mnimmsoil water potential for heterotrophic resp
real (r8) :: cwd_fcel ! cellulose fraction of coarse woody debris
real (r8) :: cwd_flig ! lignin fraction of coarse woody debris
real (r8) :: froz_ql0 ! separate ql0 for frozen soil respiration rates
real (r8) :: deconp_depth_efolding ! e-folding depth for reduction in deconposition (m

real (r8) :: mno2lim I m ni mum anaer obi ¢ deconposition rate as a fraction of potential
aerobic rate
real (r8) :: organic_nax ! organic matter content (kg/nB) where soil is assuned to act |ike peat

end type CNPar ansShareType
t ype( CNPar ansShar eType), protected :: CNParansShar el nst
!

! read the shared paraneters
!

subrouti ne CNPar ansReadShar ed( nci d)

tString="mno2lim

call ncd_io(trinm(tString),tenpr, 'read', ncid, readvar=readv)

if ( .not. readv ) call endrun( trinm(subnane)//trim(errCode)//trim(tString))
CNPar ansShar el nst %m no2l i met enpr

end subroutine CNParansReadShar ed
!

! then use in CNDeconpCascadeCNvbd
!
use CNSharedParansMbd , only: CNParansSharel nst, anoxi a_wtsat, nlev_soil deconp_standard

m no2l i m = CNPar ans Shar el nst %ri no2l i m

3. The routines for both shared and private variables are called from readParamsMod.F90



Reading parameters - readParamsMod.F90

nodul e r eadPar ansMbd

subroutine CNParansReadFile ()
!

! read CN and BGC shared paraneters
!

use CNAI | ocati onMod , only : readCNAl | ocParans

use CNDeconpMd , only : readCNDeconpPar ans

use CNDeconpCascadeBGCvbd , only : readCNDeconpBgcPar ans

use CNDeconpCascadeCNwvbd , only : readCNDeconpCnPar ans

use CNPhenol ogyMbd , only : readCNPhenol Parans

use CNMRespMod , only : readCNVRespPar ans

use CNNDynani csMod , only : readCNNDynam csPar ans

use CNGapMortalityhbd , only : readCNGapMort Par anms

use CNNitrifDenitrifMd , only : readCNNitrifDenitrifParans
use CNSoil LittVertTranspMod , only : readCNSoil LittVert TranspPar ans
use CNShar edPar ansMd , only : CNParansReadShar ed, CNPar ans Shar el nst
use ch4Mod , only : readCH4Par anms

! read the file with paraneters
if (masterproc) then
wite(iulog,*) 'readParanshd. F90::'//trimsubnane)//' :: reading CN'//&
"and BGC paraneter file'
end if

! read shared paraneters
cal | CNPar anmsReadShar ed(nci d)
! read private paraneters based on use case
if (use_cn) then
|
! popul ate each nodule with private paraneters
|
call readCNAl | ocPar ans(ncid)
call readCNDeconpParans(nci d)
if (use_century_deconp) then
cal |l readCNDeconpBgcPar ans(nci d)
el se
call readCNDeconpCnPar anms( nci d)
end if
cal | readCNPhenol Parans(nci d)
cal | readCNMRespParans (ncid)
call readCNNDynani csParans (ncid)
call readCNGapMort Paramns (ncid)
if (use_nitrif_denitrif) then
call readCNNitrifDenitrifParans(ncid)
end if

call readCNSoil LittVert TranspParans(ncid)
if (use_lch4) then

call readCH4Parans (ncid)
end if

end if

end subroutine CNParansReadFil e
end nodul e r eadPar ansMod

Associate refactor

® Please do not use pointers as arguments to a subroutine if that pointer is not placed in a associate block. Using an Associate Block removes one
declaration for each pointer, makes the code easier to modify, makes the code more robust and sets us up for future interface refactorings. Refer
also to the section above .



Associate Refactor

I before the Associate Refactor, pointers were delcared and assigned as foll ows:
real (r8), pointer :: fdry(:) ! fraction of foliage that is green and dry [-] (new)
fdry => pps%dry

after the refactor, the pointer declaration is renoved and handled in the associ ate statenent.

!

+ associ ate(&

+ fdry => pps% dry & ! Qutput: [real(r8) (:)] fraction of foliage that is
green and dry [-] (new)

+ )

+ end associ ate

+ end subroutine FracWet

Refactor clmtype

®* We have flattened the structure of clmtype so that most variables only require one dereference. You will immediately notice if you have used the
old style as your code will not compile. An example is shown below.

Refactor clmtype

call hist_addfldld (fname=" SNOOCFRCL', units='Wm2', &

avgflag="A'", long_nane='surface forcing of OCin snow (land) ', &
- ptr_pft=cl nBY%g% %% Y%ef ¥%sfc_frc_oc, set_urb=spval)
+ ptr_pft=pef%fc_frc_oc, set_urb=spval)

Preprocessor macro removal

® We are in the process of removing all preprocessor macros (CPP tokens) from the CLM code. Doing so will allow us to use one binary in all of our
test suite and greatly speed up the development and testing process. There are two steps in the process:
1. Remove most ifdef declarations from the code and replace with logical variables in main/controlMod.F90.



Macro removal - Step 1

227 #if (defined LCH4)

228 use_l ch4 = .true.

229 #endif

230 #if (defined NI TR F_DEN TRI F)
231 use_nitrif_denitrif = .true.
232 #endif

233 #if (defined VERTSO LC)

234 use_vertsoilc = .true.
235 #endi f

236 #if (defined EXTRALAKELAYERS)
237 use_extral akel ayers = .true.
238 #endi f

239 #if (defined VI CHYDRO

240 use_vi chydro = .true.
241 #endif

242 #if (defined CENTURY_DECOWP)
243 use_century_deconp = .true.
244 #endif

245 #if (defined CN

246 use_cn = .true.

247 #endif

248 #if (defined CNDV)

249 use_cndv = .true.

250 #endi f

251 #if (defined CROP)

252 use_crop = .true.

253 #endi f

254 #if (defined SNI CAR_FRC)

255 use_snicar_frc = .true.
256 #endi f

257 #if (defined VANCOUVER)

258 use_vancouver = .true.
259 #endi f

260 #if (defined MEXI COCl TY)

261 use_mexi cocity = .true.
262 #endif

263 #if (defined NO O

264 use_noio = .true.

265 #endi f

2. The final portion of this work (which will be in an upcoming CLM tag), removes all of the remaining ifdefs and replaces this functionality
via namelist variables.

Macro removal - Step 2

000 Fill in when Ben makes this tag 000

The bounds type

® The introduction of the bounds type cleans up CLM interfaces since we don't have to pass begc, endc, etc... explicitly. Currently, only the bounds
type is passed and then members are de-referenced in a routine when you need to use them. If you don't want to use this

bounds%begc

you can place the following in an associate statement.

begc => bounds%begc

Doing so may save you some refactoring work in the body of the subroutine or function you are working with.



CLM without the bounds type

use deconpMbd, only : get_proc_bounds

per-proc begi nning and ending pft indices
per-proc begi nning and endi ng col um i ndices
per-proc begi nning and ending | andunit indices
per-proc gridcell ending gridcell indices

integer :: begp, endp
integer :: begc, endc
integer :: begl, end

!

!

!
integer :: begg, endg

cal | get_proc_bounds(begg, endg, begl, endl, begc, endc, begp, endp)
do ¢ = begc, endc

CLM with the bounds type

type(bounds_type), intent(in) :: bounds ! bounds

do ¢ = bounds%egc, bounds%endc
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