Assimilative Testbed Framework

Exercise 3: ECO_8 assimilative test case

(this exercise may take 1-2 hours, but much of this time consists of waiting for the replies from the TAMC and running the adjoint_driver code)
This exercise demonstrates how to use the TAMC utility to obtain the adjoint of the 8-component ecosystem model subroutine. As before, to complete this exercise the user should be prepared to cut and paste from this document into the editor they use to modify Fortran programs.  Saving this document as a ‘text only’ file may or may not be necessary.  After completing this exercise, please email marjy@ccpo.odu.edu the final ‘Results.out’ file.  

(1) Download the TAMC utility:

Go to:


www.autodiff.com/tamc
Click on ‘Installation’ and then on ‘utiliy’.

Download the tar file, and follow the commands listed to install the utility.

Include the tamc_utility path in your .tcshrc file and/or use a command such as:

setenv PATH /home/name/tamc_utility:$PATH

(2) Prepare ecosystem model subroutine for TAMC:

cp AssimTestbed/src/eco_8/derivs_mod.f90 tamc_utility/.

A number of changes will need to be made to the ‘tamc_utility/derivs_mod.f90’ file, in order for this subroutine to be accepted by the TAMC utility.  After the adjoint code (derivs_mod_ad.f90) is obtained from the TAMC, most of these changes will also have to be ‘undone’ in the adjoint code.  All necessary changes are listed specifically below.  

The majority of these changes are required because only one subroutine is being sent to the TAMC, rather than the entire program code.  As a result, all variables must now be defined explicitly within the subroutine code.  Thus, the ‘use’ statements must be removed and the appropriate ‘real’ or ‘integer’ definition statements must be added.  Since ‘rlt’ is a function of the light field, and hence the chlorophyll concentration, it must be treated differently than the other variables/constants.  It must be added to the list of variables in the initial ‘subroutine derivs(x, y, z… rlt)’ statement, which will cause the TAMC to correctly generate the required adjoint of ‘rlt’, i.e. ‘adrlt’.  

a. Delete line 1:      

  
module derivs_mod

b. Delete line 3:   

  
contains

c. Change line 5: 

  
subroutine derivs(y,dydtt,dydtt_diag,istep,iz,bioparams)

to:

  
subroutine derivs(y,dydtt,dydtt_diag,istep,iz,bioparams,rlt)

d. Delete all ‘use…’ statements.

e. Under ‘Arguments’ add:

  
real rlt

f. Under ‘Local variables’ add:

  
integer :: NumStateVar=8,NumDiagVar=2, iChl=1, iPP=2

  
integer :: &

    

imorl        =           1, &

       
ibpg         =imorl     +1, &

       
igPl         =ibpg      +1, &

       
iG0          =igPl      +1, &

       
ikn2         =iG0       +1, &

       
imul         =ikn2      +1, &

       
igPs         =imul      +1, &

       
iel          =igPs      +1, &

       
icBpm        =iel       +1, &

       
ilamb        =icBpm     +1, &

       
ika          =ilamb     +1, &

       
iki          =ika       +1, &

       
ies          =iki       +1, &

       
irntr        =ies       +1, &

       
igZs         =irntr     +1, &

       
ikn          =igZs      +1, &

       
imus         =ikn       +1, &

       
imors        =imus      +1, &

       
iremin       =imors     +1

  
integer, parameter :: Numdepth=15, NumTimeSteps=10660

  
real, parameter :: SecPerDay=86400.d0

  
real cdays(NumTimeSteps), dz, Tdat(NumDepth,NumTimeSteps)

  
real Balpha(0:60,24), Bpmax(0:60,24)

g. Delete last line:

  
end module derivs_mod

(3) Submit subroutine to TAMC:

stamc –reply youremail@address.edu -toplevel derivs –reverse derivs_mod.f90

Within 5-10 minutes the TAMC results ‘reply.tar.gz’ will be emailed to you at the address provided in the command statement above.  (If this does not work, you may replace ‘stamc’ with ‘tamc’.  To obtain a usable version of the ‘reply.tar.gz’ file, some users may find it necessary to save the message (e.g. as FILENAME) and use the command: 

      
munpack FILENAME 

Unzip and untar the file:

   
gunzip reply.tar.gz

   
tar –xvf reply.tar

and two files should result:

   
derivs_mod_ad.f90

   
tamc_output

If there is no ‘derivs_mod_ad.f90’ file, then the text in ‘tamc_output’ should describe the errors found.  Copy the ‘derivs_mod_ad.f90’ file to your testbed directory and rename it as follows:

  
cp derivs_mod_ad.f90 AssimTestbed/src/eco_8/adderivs_mod.f90
(4) Modify ecosystem model adjoint, adderivs_mod.f90:

a. If desired, remove initial comment lines.

b. Add line 1:

    
module adderivs_mod

c. Add line 2:

    
contains

d. Change:

subroutine adderivs( y, dydtt, dydtt_diag, istep, iz, bioparams, rlt, 

ady, addydtt, addydtt_diag, adbioparams, adrlt )

to:

subroutine adderivs(y, bioparams, ady, addydtt, addydtt_diag, & 

                    istep, iz, adbioparams)

e. Replace all use statements.  The ‘use’ statements that were previously removed from ‘derivs_mod.f90’ now need to be added back to ‘adderivs_mod.f90’.
f. Add the following use statement:

    
use adeco_common, only : adrlt

g. In ‘define parameters’ section of code remove all statements.

h. In ‘define common blocks’ section of code remove all statements.

i. In ‘define arguments’ section of code remove:

    
real adrlt

    
real rlt

j. In ‘define local variables’ section of code remove:

    
real balpha(0:60,24)

    
real bpmax(0:60,24)

    
real cdays(numtimesteps)

    
real dz

    
real tdat(numdepth,numtimesteps)

k. As last line of code, add:

    
end module adderivs_mod

(5) Compile and run assimilative version of code:

a. Compile code:

gmake

b. Run test of adjoint:

test_adjoint < input_8

Results written to screen should include statements such as:
adjoint_test:: d, dJ:d, J 1.0E-3 0.9967593825412194 15.476425705551462

adjoint_test:: d, dJ:d, J 1.0E-4 0.9996729657017299 15.512817575062318

adjoint_test:: d, dJ:d, J 1.0E-5 0.9999672621480781 15.516468465923378 

c. Run assimilative code:

adjoint_driver < input_8

Runtime should be from 5 – 30 minutes.  Check results written to screen:
 
Normalized cost =  11.715989165693212

 
P cost =  0.6657442694878024

 
Z cost =  3.4242221590671002

 
N cost =  1.1378309660164618

 
ST cost = 3.7091005519244233

 
PP cost = 2.779091219197426

Final normalized values for the four control variables (as found in ‘output/Results.out’):

   0.8278841298496712 0.858837812646875 1.0091820307422623 1.076303193991089

Final actual values for the four control variables (as found in ‘output/params.out’):

   0.165576825924   5.436443354701E-02   0.201836406180   0.129156383277

d. Run hessian code:

hessian_driver < input_8hess

Use hessian_idl.pro or develop your own routine to determine estimates of the optimized parameter uncertainties from invhessian.out and/or hessian.out. (See Exercise 1, part (7) for details.)

Combining the results from ‘output/Results.out’ with the uncertainties obtained from ‘hessian.out’ gives the final normalized parameter values:


0.83 ± 0.39


0.86 ± 0.12

1.01 ± 0.28

1.08 ± 0.14

