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This presenta8on is a brief guide to the modifica8ons that took place in GSI 
to accommodate implementa8on of both 4DVAR and the direct adjoint of GSI. 

But nothing comes for free: 
  ‐ 4DVAR‐capable means: TLM and ADM codes for GCM must be available 
  ‐ Use of GSI‐adjoint beyond an analysis sensi8vity tool requires GCM ADM 
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Introductory Remarks 

•  This presenta8on reports no the status of GSI 
4DVAR and GSI‐Adjoint as implemented in its 
upgraded June‐2010 version.  

•  The equa8ons appearing along snapshots of code 
are for most part cryp8c and meant to simply 
serve as a guide to finding where things happen – 
not a detailed formula8on. 

•  The  excerpt of codes appearing here have been 
slightly manipulated for presenta8on clarity; the 
nota8on       indicates code bypassed for clarity 
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4DVAR‐ and Adjoint‐Related Features 

•  Observer capability 
•  Observa8on 8me binning 
•  Separa8on between control and state spaces 
•  Digital filter 
•  Various sqrt(B)‐based minimiza8on op8ons 
–  Vanilla conjugate gradient 
– Quasi‐Newton (L‐BFGS, m1qn3) 
–  Lanczos 

•  Adjoint analysis capability 
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Code‐Related Components 
•  state‐ and control‐vectors  

•  obsdiags structure  

•  analysis 8me counted from beginning of 8me window 

•  split intall rou8ne into int3dvar & intjo 

•  split stpcalc rou8ne into stp3dvar & stpjo 

•  add evalJ: evalgrad/evaljo/evaljc/evaljcdfi/evalqlim 

•  add obs_sensi8vity to handle GSI adjoint  

4 



Four-dimensional Variational Approach

The general cost function of the variational formulation

J(x) =
1

2
(x0 − xb)TB−1(x0 − xb) + Jx

+
1

2

K∑

k=0

[h(xk)− yk]
TR−1

k [h(xk)− yk]

+
1

2

K∑

k=1

[m(xk)− xk]
TQ−1

k [m(xk)− xk]

where

! x ≡ [x0,x1, · · · ,xK]T is a 4d state vector;

! hk and mk are the nonlinear observation and dynamical
model operators, respectively;

! B, Qk, and Rk are the background, model, and obser-
vation error covariances, respectively.

! Strong constraint formulation: Qk →∞;

! Weak constraint formulation, Q %= 0 accounts for im-
perfections in the model m;

! Jx represents extra constraint (e.g., balance).
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Strong Constraint Incremental 4DVAR

For simplicity consider now the strong constraint case.
In incremental 4DVAR the cost function at the j-th it-
eration is

Jj(δxj) =
1

2
(δxj − δxb

j)
TB−1(δxj − δxb

j)

+
1

2

K∑

k=0

(Hj,kMj,kδxj − dj,k)
TR−1(Hj,kMj,kδxj − dj,k)

where dj,k ≡ yk − hk(mk(xb)), δxb
j ≡ xb − xj−1, and

" δxj ≡ xj − xj−1 is the control variable;

" The inner loop minimization of Jj can be solved by

• Conjugate gradient

• Quasi-Newton (such as L-BFGS)

• Lanczos

" Conditioning of the Jj minimization is determined by
the Hessian ∇2Jj = B−1+

∑
k MT

j,kH
T
j,kR

−1Mj,kHj,k, which
spectrum is such that a good preconditioning is essen-
tial, particularly in 4DVAR.
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gsisub 
•  The main entry point of GSI, deciding whether to run the observer or the 

minimiza8on 

•  The observer can be called by the forward model (GCM) via the available 
ESMF interface (or some other user‐designed interface) 

•  The observer:  
1. called at the frequency of background availability 
2. in the ini8al pass, observer reads observa8ons for the en8re 8me window 
3. once two 8me slots of the background are available, the observer calculates 

the residuals for observa8ons falling within the 8me interval of two 
consecu8ve background fields present in memory 

4. the calcula8on in (3) con8nues un8l the last pass, when last background fields 
is loaded to memory and the clock hits the end of the assimila8on interval  

In 4dvar: 

This is part of outer loop 
during NL model 
integra8on 

This becomes 
the inner loop 

7 



Where do things happen in the 4DVAR-capable GSI?

! Define a suitable square-root of B = LLT

• ckgcov

• ckgcov_ad

(from David Parrish)

! Introduce a control variable change: δx = Lδλ

• control2model

• model2control

! The analysis solver:

1. The j-th inner loop of the incremental analysis solves
(I + LTMT

j HT
j R−1HjMjL)λj = LTMT

j HT
j R−1dj + bj

2. Cost function at the j-th iteration:
Ĵj = 1

2λT
j λj + 1

2(HjMjLλj − dj)TR−1(HjMjLλj − dj)

3. The ideal preconditioning is given by the sqrt of the
inverse Hessian, ∇2Ĵj = I+LTMT

j HT
j R−1MjHjL, op-

erator form of rhs allows getting estimate of this
matrix.

• evaljgrad 8 



glbsoi 

•  The main change here is a split between two 
precondi8oning strategies:  
I.  the B‐precond of Derber and Rosa8 (1989)  
II.  the square‐root(B)‐precond 

DR89 

sqrt(B) 
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GSI Gridded Structures  

Control Vector (Q1FY10) State Vector (Q1FY10) 

The original implementa8on of GSI‐4DVAR includes clear separa8on of the state and control 
vectors; the first, relates to what the observa8on operators use, H(x); the second, relates to  
the defini8on of the cost func8on J(z) 

The desire to have GSI handle various scenarios mo8vated a generaliza8on of these vectors  
and introduc8on of the so‐called  GSI_Bundle.  Before, talking about the present form of  
the state and control vectors we give a brief introduc8on to the GSI_Bundle next.  10 



The GSI_Bundle 
•  Concept follows from discussion with Arlindo da Silva and the 

ESMF concept of a Bundle, i.e., a collec8on of fields on a grid. 

•  Aims at being a general (for now) regular grid structure that 
can be used for mul8ple purposes: control, state, and guess 
vectors. 

•  Bundle has only very weak dependence on GSI (and should 
remain this way): kinds, constants,  and for the 8me being, 
m_rerank.F90 (by Jing Guo). 

•  In the June‐2010 version, GSI_Bundle is used to defined the 
state and control vectors, as well as the GSI_ChemBundle, 
which is a structure devoted to chemistry‐related fields, 
including aerosols. 

•  In the future, we might consider using GSI_Bundle to handle 
the background (guess) fields as well. 
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The GSI_Bundle: Defini8on 

Private types of Bundle: 
never to be made public 

Very simple grid; 
should eventually 
come from outside 
of GSI_Bundle 

This is what a more 
general grid may 

look like 
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The GSI_Bundle: Par8culars 

Redundant part 
of GSI_Bundle 

Fields in the bundle type(GSI_Bundle) :: Bundle can be referred to: 
•        e.g.,  as Bundle%r2%q 
•        or redundantly, e.g., as Bundle%values(IPNT) where IPNT relates to ival2, 
         as explained in what follows (see also unit‐tester) 

The size of the Bundle  is either the total number of variables NumVars  
and/or the total size of NumVars*grid, ndim, that is, size of Bundle%values 
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The GSI_Bundle: Func8ons 

•  Reference to the Bundle should be made via these func8ons 
•  Most these func8ons are overloaded, e.g., GSI_BundleCreate 

 that is, it allows crea8on of Bundles in various ways 

 General create (from scratch) 

 Create new Bundle aner Merging two Bundles 
 Create new Bundle from exis8ng Bundle 

14 



GSI Gridded Structures  
            State Vector                Control Vector 
•  The state vector is simply a 

GSI_Bundle, that is, a collec8on of 
fields defined via a resource file 

•  For example, it’s ini8aliza8on in 
allocate_state is 

      where 2d‐ and 3d‐fields are 
defined via a resource file, viz. 
table in anavinfo file:  

•  The control vectors is a type 
that collects various 
GSI_Bundles, Grids, and 
ancillary fields required by the 
cost func8on 

•  Depending on the CV 
defini8on, some pointers are 
never defined  15 



GSI Ungridded (0bs) Structures  

Append obs_diag structure to 
keep info needed for adj‐gsi 

e.g., w_ob_type 

Obs_diag Structure 
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Preconditioning in the Variational Formulation
Where do these happen in the 4DVAR-capable GSI?

The ideal preconditioning is give by the square-root of
the inverse Hessian, which for the scaled-control vector
is

∇2Ĵ = I + LTHTR−1HL ,

δλ = LTδx

indicates the overall minimization to be much batter
conditioned than the original minimization since the small-
est eigenvalue of he Hessian is now the unit.

The ideal preconditioning is give by the square-root of
the inverse Hessian,

√
A−1, where A = B−1 + HTR−1H:

# In practice this can be done using the CG-Lanczos con-
nection, where the CG provides the Lanczos vectors of
the Hessian;

# The cost of this modified CG is in storing the Lanczos
vectors and in the re-orthogonalization needed to avoid
degeneracy

# Use of the Lanczos-based CG is thus only justifiable in
4dvar, where fast convergence means avoid the costly
integration of the model’s TLM and ADM.

model2control 

(*) 

model2control  is a convolu8on 
of variable transforma8ons and 
applica8on of the square‐root  
decomposi8on of B (see *) 
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Preconditioning in the Variational Formulation
Where do these happen in the 4DVAR-capable GSI?

! Define a suitable square-root of B = LLT

• ckgcov

• ckgcov_ad

(from David Parrish)

! Introduce a control variable change: δx = Lδλ

• control2model

• model2control

! Cost function: Ĵ = 1
2λTλ + 1

2(HLλ− d)TR−1(HLλ− d)

• evaljgrad

! The ideal preconditioning is give by the square-root of
the inverse Hessian, which for the scaled cost function
above is ∇2Ĵ = I + LTHTR−1HL

• evaljgrad

control2model 

NOTE: Same remark  
as from model2control 
applies here: this is 
a convolu8on of variable  
transforma8ons and   
Applica8on the square‐root   
decomposi8on of B (see *) 

(*) 

18 



When inner loop is 
linear, this is equivalent 
to original min,  
but not iden8cal. 

Ideal minimiza8on  
scheme when  
running 4dvar.  

sqrtmin 
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Vanilla CG to mimic 
original minimiza8on 
scheme, but now using 
the sqrt(B) pre‐condi8oning 

Calcula8ng ∇J is at  
the core of the CG 

pcgsqrt 
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SCRATCH PAPER

The ideal preconditioning is give by the square-root of
the inverse Hessian, which for the scaled-control vector
is

∇2Ĵ = I + LTHTR−1HL ,

∇Ĵj = λ + LT
j MT

j HT
j R−1(HjMjLλj − dj)

(I + LTHT
j R−1HjL)λj = LTHT

j R−1dj + bj

δλ = LTδx

ε =
$∑

k=1

(|δxk|−| δxref
k |)

∑
i,j(|δxref

i,jk|)

indicates the overall minimization to be much batter
conditioned than the original minimization since the small-
est eigenvalue of he Hessian is now the unit.

The ideal preconditioning is give by the square-root of
the inverse Hessian,

√
A−1, where A = B−1 + HTR−1H:

% In practice this can be done using the CG-Lanczos con-
nection, where the CG provides the Lanczos vectors of
the Hessian;

going backwards 

going forwards 

evaljgrad 
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intjo  intq 

No8ce now the int rou8nes can apply  
the usual full operator: 

as well as simple: 

SCRATCH PAPER

The ideal preconditioning is give by the square-root of
the inverse Hessian, which for the scaled-control vector
is

∇2Ĵ = I + LTHTR−1HL ,

∇Ĵj = λ + LT
j MT

j HT
j R−1(HjMjLλj − dj)

(I + LTHT
j R−1HjL)λj = LTHT

j R−1dj + bj

δλ = LTδx

δx− δxref

δxref

δxk−1;j = MT
k,k−1;jδxk;j

δxk;j = Mk,k−1;jδxk−1;j

ε =
√

1
k

∑$
k=1(δxk − [δxk])2

(I + LTHTR−1HL)δg = Lg

SCRATCH PAPER

The ideal preconditioning is give by the square-root of
the inverse Hessian, which for the scaled-control vector
is

∇2Ĵ = I + LTHTR−1HL ,

∇Ĵj = λ + LT
j MT

j HT
j R−1(HjMjLλj − dj)

(I + LTHT
j R−1HjL)λj = LTHT

j R−1dj + bj

δλ = LTδx

δx− δxref

δxref

δxk−1;j = MT
k,k−1;jδxk;j

δxk;j = Mk,k−1;jδxk−1;j

ε =
√

1
k

∑$
k=1(δxk − [δxk])2

(I + LTHTR−1HL)δg = Lg
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SCRATCH PAPER

The ideal preconditioning is give by the square-root of
the inverse Hessian, which for the scaled-control vector
is

∇2Ĵ = I + LTHTR−1HL ,

∇Ĵj = λ + LT
j MT

j HT
j R−1(HjMjLλj − dj)

(I + LTHT
j R−1HjL)λj = LTHT

j R−1dj + bj

δλ = LTδx

ε =
$∑

k=1

(|δxk|−| δxref
k |)

∑
i,j(|δxref

i,jk|)

indicates the overall minimization to be much batter
conditioned than the original minimization since the small-
est eigenvalue of he Hessian is now the unit.

The ideal preconditioning is give by the square-root of
the inverse Hessian,

√
A−1, where A = B−1 + HTR−1H:

% In practice this can be done using the CG-Lanczos con-
nection, where the CG provides the Lanczos vectors of
the Hessian;

Evaluate cost due to 
various constraints 

evaljgrad 
Similarly to int rou8nes, evaljgrad 
can be used to apply only part of  
operator … 

SCRATCH PAPER

The ideal preconditioning is give by the square-root of
the inverse Hessian, which for the scaled-control vector
is

∇2Ĵ = I + LTHTR−1HL ,

∇Ĵj = λ + LT
j MT

j HT
j R−1(HjMjLλj − dj)

(I + LTHT
j R−1HjL)λj = LTHT

j R−1dj + bj

R−1HjMjLλj

δλ = LTδx

δx− δxref

δxref

δxk−1;j = MT
k,k−1;jδxk;j

δxk;j = Mk,k−1;jδxk−1;j

ε =
√

1
k

∑$
k=1(δxk − [δxk])2
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SCRATCH PAPER

The ideal preconditioning is give by the square-root of
the inverse Hessian, which for the scaled-control vector
is

∇2Ĵ = I + LTHTR−1HL ,

∇Ĵj = λ + LT
j MT

j HT
j R−1(HjMjLλj − dj)

(I + LTHT
j R−1HjL)λj = LTHT

j R−1dj + bj

δλ = LTδx

δxk−1;j = MT
k,k−1;jδxk;j

δxk;j = Mk,k−1;jδxk−1;j

ε =
$∑

k=1

(|δxk|−| δxref
k |)

∑
i,j(|δxref

i,jk|)

indicates the overall minimization to be much batter
conditioned than the original minimization since the small-
est eigenvalue of he Hessian is now the unit.

The ideal preconditioning is give by the square-root of
the inverse Hessian,

√
A−1, where A = B−1 + HTR−1H:

j‐th itera8on propaga8on 
with the tangent linear model: 

model_tl 

General 
interface 
to forward 
perturba8on 
model 

Note: some edi8ng 
done here to facilitate 
discussion; handling of 
Lagrangian component 
removed for simplicity 
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j‐th itera8on propaga8on 
with the adjoint model: 

SCRATCH PAPER

The ideal preconditioning is give by the square-root of
the inverse Hessian, which for the scaled-control vector
is

∇2Ĵ = I + LTHTR−1HL ,

∇Ĵj = λ + LT
j MT

j HT
j R−1(HjMjLλj − dj)

(I + LTHT
j R−1HjL)λj = LTHT

j R−1dj + bj

δλ = LTδx

δxk−1;j = MT
k,k−1;jδxk;j

δxk;j = Mk,k−1;jδxk−1;j

ε =
$∑

k=1

(|δxk|−| δxref
k |)

∑
i,j(|δxref

i,jk|)

indicates the overall minimization to be much batter
conditioned than the original minimization since the small-
est eigenvalue of he Hessian is now the unit.

The ideal preconditioning is give by the square-root of
the inverse Hessian,

√
A−1, where A = B−1 + HTR−1H:

model_ad 

General 
interface 
to backward 
perturba8on 
model 

Note: some edi8ng 
done here to facilitate 
discussion; handling of 
Lagrangian component 
removed for simplicity 
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What happens when 4DVAR iterates? 

Observer 
  1st iter 

Obs 

1st 
bkg 

obsdiags 
o‐g 

Inner loop 
   1st iter 

lanczvecs  xhatsave  evecs 
δx1 

Tr
aj
ec
to
ry
 M

od
el
 

1st trajectory 

Observer 
  2nd iter 

Obs 

2nd 
bkg 

obsdiags 
o‐g 

Inner loop 
   2nd iter 

lanczvecs  xhatsave  evecs δx2 

2nd trajectory 

8m
e 
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3DVAR namelist serngs 

•  Default CG  •  Square‐root(B) CG 

&SETUP 
miter=2,niter(1)=100,niter(2)=150, 
niter_no_qc(1)=50,niter_no_qc(2)=0, 
write_diag(1)=.true.,write_diag(2)=.false., 
write_diag(3)=.true., 
gencode=82,qop8on=2, 
 factqmin=0.005,factqmax=0.005,del8m=
$DELTIM, 
 ndat=62,npred=5,iguess=‐1,  
oneobtest=.false.,retrieval=.false., 
l_foto=.false.,use_pbl=.false., 
 / 

&SETUP 
miter=2,niter(1)=100,niter(2)=150, 
niter_no_qc(1)=999,niter_no_qc(2)=999, 
write_diag(1)=.true.,write_diag(2)=.false., 
write_diag(3)=.true., 
gencode=82,qop8on=2, 
 factqmin=0.005,factqmax=0.005,del8m=
$DELTIM, 
 ndat=62,npred=5,iguess=‐1,  
oneobtest=.false.,retrieval=.false., 
l_foto=.false.,use_pbl=.false., 
lsqrtb=.true.,ltlint=.true., 
 / 

Note: new opts are minimal set suggested opts, that have been tested. 
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4DVAR namelist serngs 

•  Observer (1st outer loop)  •  1st inner loop 
&SETUP 
miter=2,niter(1)=100,niter(2)=150, 
niter_no_qc(1)=999,niter_no_qc(2)=999, 
write_diag(1)=.true.,write_diag(2)=.false., 
write_diag(3)=.true., 
gencode=82,qop8on=2, 
 factqmin=0.005,factqmax=0.005,del8m=
$DELTIM, 
 ndat=62,npred=5,iguess=‐1,  
oneobtest=.false.,retrieval=.false., 
l_foto=.false.,use_pbl=.false., 
l4dvar=.true., jiterstart=1, 
lsqrtb=.true.,ltlint=.true., lcongrad=.true., 
nhr_assimila8on=6,nhr_obsbin=1, 
idmodel=.false., lwr8nc=.true., 
 / 

&SETUP 
miter=2,niter(1)=100,niter(2)=150, 
niter_no_qc(1)=999,niter_no_qc(2)=999, 
write_diag(1)=.true.,write_diag(2)=.false., 
write_diag(3)=.true., 
gencode=82,qop8on=2, 
 factqmin=0.005,factqmax=0.005,del8m=
$DELTIM, 
 ndat=62,npred=5,iguess=‐1,  
oneobtest=.false.,retrieval=.false., 
l_foto=.false.,use_pbl=.false., 
l4dvar=.true., jiterstart=1, 
lobserver=.true., 
 / 
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Either one 
of these  
can be done 
with GSI 

The Linear 4d-Analysis Adjoint

A linear analysis system calculates:

δx = Kd = (B−1 + HTR−1H)−1HTR−1d phy-space

= BHT(HBHT + R)d obs-space

and its adjoint calculates:

δz = KTg = R−1H(B−1 + HTR−1H)−1g phy-space

= (HBHT + R)HBg obs-space

Obtaining the adjoint in practice:

" Direct, line-by-line, adjoint (Zhu & Gelaro 2007)

" Operator manipulation:

• Observation space (Baker & Daley 2000):

(HBHT + R)δz = HBg

• Physical scape (Trémolet 2008): δz = R−1Hδg

(B−1 + HTR−1H)δg = g

• Approximate Hessian: Ã−1 = UΛUT ∼
√

B−1 + HTR−1H

δz = R−1HÃg 29 



Read GCM sensi8vity 

Convert to GSI control vec 

obs_sensi8vity 

SCRATCH PAPER

The ideal preconditioning is give by the square-root of
the inverse Hessian, which for the scaled-control vector
is

∇2Ĵ = I + LTHTR−1HL ,

∇Ĵj = λ + LT
j MT

j HT
j R−1(HjMjLλj − dj)

(I + LTHT
j R−1HjL)λj = LTHT

j R−1dj + bj

δλ = LTδx

δx− δxref

δxref

δxk−1;j = MT
k,k−1;jδxk;j

δxk;j = Mk,k−1;jδxk−1;j

ε =
√

1
k

∑$
k=1(δxk − [δxk])2

(I + LTHTR−1HL)δg = Lg

 The above prepares the right‐hand‐side of the equa8on to be solved: 

 From what we saw a few slides back, sqrtmin, through mul8ple call to evaljgrad 
    will solve the equa8on above 

 To finally get the sensi8vity  

    one needs to simply call evaljgrad making sure not to apply the adjoint part    
δz = R−1HLδg

indicates the overall minimization to be much batter
conditioned than the original minimization since the small-
est eigenvalue of he Hessian is now the unit.

The ideal preconditioning is give by the square-root of
the inverse Hessian,

√
A−1, where A = B−1 + HTR−1H:

" In practice this can be done using the CG-Lanczos con-
nection, where the CG provides the Lanczos vectors of
the Hessian;

" The cost of this modified CG is in storing the Lanczos
vectors and in the re-orthogonalization needed to avoid
degeneracy

" Use of the Lanczos-based CG is thus only justifiable in
4dvar, where fast convergence means avoid the costly
integration of the model’s TLM and ADM.

General 
interface 
to input  
gradient 
vector 
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GSI adjoint when 
forward analysis 
uses Lanczos CG; 
i.e., Hessian‐based  
adjoint. 

Get U and Λ


The Linear Analysis Adjoint

A linear analysis system calculates:

δx = Kd = (B−1 + HTR−1H)−1HTR−1d phy-space

= BHT(HBHT + R)d obs-space

and its adjoint calculates:

δz = KTg = R−1H(B−1 + HTR−1H)−1g phy-space

= (HBHT + R)HBg obs-space

Obtaining the adjoint in practice:

" Direct, line-by-line, adjoint (Zhu & Gelaro 2007)

" Operator manipulation:

• Observation space (Baker & Daley 2000):

(HBHT + R)δz = HBg

• Physical scape (Trémolet 2008):

(B−1 + HTR−1H)δz = HTR−1g

• Approximate Hessian: Ã−1 = UΛUT ∼
√

B−1 + HTR−1H

δz = R−1HÃg

sqrtmin 

31 



The setup rou8nes now have the op8on to save 
addi8onal quan88es to the diag files so one can  
calculate observa8on impact e.g., bouom 

of setupw, 
op8onally 
appending 

Usage flag 

Nonlinear  
departures 

Linear  
departures 

Observa8on 
sensi8vi8es 
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3DVAR‐ADJ namelist serngs 
•  Square‐root(B) CG  •  ADJ square‐root(B) CG 

&SETUP 
miter=2,niter(1)=100,niter(2)=150, 
…. 
lsqrtb=.true.,ltlint=.true., 
jiterstart=1,jiterend=2, 
lobsensmin=.true., 
lsensrecompute=.true.,lobsensfc=.true., 
lobsdiagsave=.true., 
 / 

Note: new opts are minimal set suggested opts, that have been tested. 

&SETUP 
miter=2,niter(1)=100,niter(2)=150, 
niter_no_qc(1)=999,niter_no_qc(2)=999, 
write_diag(1)=.true.,write_diag(2)=.false., 
write_diag(3)=.true., 
gencode=82,qop8on=2, 
 factqmin=0.005,factqmax=0.005,del8m=
$DELTIM, 
 ndat=62,npred=5,iguess=‐1,  
oneobtest=.false.,retrieval=.false., 
l_foto=.false.,use_pbl=.false., 
lsqrtb=.true.,ltlint=.true., 
 / 

&SETUP 
miter=2,niter(1)=100,niter(2)=150, 
…. 
lsqrtb=.true.,ltlint=.true., 
jiterstart=1,jiterend=1, 
lobsensmin=.true., 
lsensrecompute=.true.,lobsensfc=.true., 
lobsdiagsave=.true., 
 / 
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A Framework for General User‐specific 
Func8onali8es in GSI 

•  The idea is to provide a general framework to allow users to 
replace certain GSI‐func8onali8es with alterna8ve user‐
specific ones 

•  The present framework requires simply that users of GSI 
provide a library with their own rou8nes to overwrite GSI’s 

•  The present framework handles two such func8onali8es:  
     (i) 8ming: 8mermod.F90  
     (ii) perturba8on models: pertmod.F90 

•  Generalizing other GSI func8ons is planed as well, e.g.: 
–  Calcula8on of satura8on specific humidity (genqsat) 
–  Precipita8on physics (and it’s adjoint; pcp_k) 
–  Aerosol par8cle size (Mie calcula8on; GOCART_Aerosol_Size) 
–  Background fields 
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A Framework for General User‐specific 
Func8onali8es in GSI 

•  GSI library contains the following internal module procedures: 
–  8mermod.F90 
–  gsi_4dcouplermod.F90 (to be renamed to pertmod.F90) 

     and corresponding straight FORTRAN (non‐module) packages: 
–  stub_8mermod.F90 
–  stub_pertmod.F90 

•  When user is not concerned with the 8ming and perturba8on 
model rou8nes the GSI library is fully self‐contained 

•  When user has its own 8mer and/or perturba8on model rou8nes, 
user is expected to provide these corresponding func8onali8es as a 
separate library, completely outside of GSI.  

•  For the sake of argument, lets assume the user library lives in a 
directory called GSI_Coupler. Furthermore, let’s assume the user 
provided corresponding packages in GSI_Coupler are: 
–  cplr_8mermod.F90 
–  cplr_pertmod.F90  
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A Framework for General User‐specific 
Func8onali8es in GSI 

•  Schema8c view of hierarchy of various libraries involved in 
crea8ng a GSI executable 

•  A consequence of this hierarchy is that, when users want to 
overwrite GSI procedures, they are also expected to 
generate the executable outside of GSI (directory), say, in 
GSI_Appl 

w3 sp crtm bufr bacio 

User_stuff GSI 

GSI_Coupler 

GSI_Appl 

User_stuff contains 
user’s TL/AD and all sorts 
of other things user needs 
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A Framework for General User‐specific 
Func8onali8es in GSI 

•  Before the executable is built the stubs inside GSI must be 
removed from the GSI library. This can easily be done at 
Makefile level either when the Coupler is built or in the 
GSI_Appl right before the GSI library is fed to the link line 

•  How does the perturba8on interface look like? 
    gsi_4dcouplermod.F90                    cplr_pertmod.F90 

37 



Related GSI Trac Tickets 
•  Ticket #38: general interfaces for TL/AD 
models for 4dvar 

•  Ticket #85: running the GSI Adjoint  
•  Ticket #86: upda8ng observa8on diagnos8c 
tools to handle observa8on sensi8vity and 
impact 
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General Issues 
•  Details to allow for mul8ple resolu8on outer and 
inner loops are being worked out. 

•  I/O and memory usage in Lanczos‐based 4DVAR is 
large – some thought must be given for 
op8miza8on. 

•  All hooks for weak constraint 4DVAR are in place; 
now it’s deciding on Q and an affordable strategy. 

•  It should soon be possible to combine 4dvar with 
the hybrid‐ensemble strategy. 

Ques8ons:  ricardo.todling@nasa.gov 
Info on GMAO 4DVAR to appear: hup://geos5.org/wiki/index.php?8tle=Main_Page 
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