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noNNAONOO0OONNO0DNAAONND0AN000NDNOOAR0G00O

esun  include *../include/paramt.h’

noDon ann

subroutine adllsp { t,q,pl.pst.dsig,qg,nx,lev,evaprh, rlsp,ep,hltm
1 . lsppt,ipass )

ADJ of Llsp, adlL: Adjoint operator
large scale precipitation calculation ¢.5. liou

censt
nx: horizontal dimension,
dsig: sigma layer thickness
g: gravity
cp: specific heat constant for air
hltm: latent heat relase constant for water vapor
evaprh: relative humidity that stops evaporation,
{set to zero if no evaporation is allowed)

lev: vertical dimension,

input variables: t, g, pl, pms

t: real temperature [nx,lev), (k}

q: specific humidity (nx,lev}, (ku/kg)
pl: pressure on odd sigma levels {mb}
pst; [terrain pressure -ptop) {mb}

output variables: L, g, rlsp

t: adjusted real temperature after lsp process, tk)

g: adjusted specific humidity after lsp process,. {kg/kg)
rlsp: ilsp precipication rate per call, (mm/call)
lsppt: no. of saturated points at each layer
ipass: no. of iterations at each layer for the converge

by c. 5. liou 6792

local work array:
pms: mass between even sigma levels= dsigma*pst*100,0/g (kg)
WS, W, Wt, WP, a5, rain, cld, 1sppt, ipass

external function called: gsatg

dimension tinx,lev),qinx,lev) ,plimc, lev), pstinx),dsigilev)
1 ,rlsp(ax),lappti(lev),ipass{lev)

local work arrays

change im,lm to nx, lev
dimension pms(nx,lev)

dimension wsinx},wqinx},wt{nx} weinx},gs{nx}, cld(nx}
lagical cld

gamfac = hltm * 5417.983 / cp

hlep = hltm 7 cp
icmax

Begin Adjoint Code

check saturated points for condensation level by level

ononaonn

40n

nnannonan

an0on

a0 a0na

600

/disk2/apache/dym/model/adLlsp.f

do BOO 1 = 1, lev
evaporation into the next lower layexr

if ((nraind%,eq.0).or. (evaprh.le.0.0}.or.(l.ge.(lev-1)}) then
goto 800

else

1Ip =1 1

do 600 i = 1, nx

wg9{i} pms9{i.1p) * q9{i,1p)

wp9{i) = evaprh*ws9(i}*pmss(i,1lp)

"R+

wg{i) = pma(i,1lp} * g9 + pms9{i,lp} * g(i,1lm
we{i) = wali} + rlspli}
wp{i} = evaprh*ws(i)*pms9{i,lp] + evaprh*ws?(i)*pmsi(i,1lp}

ws{l} = evaprh*pmad (i,1p) *wp(i)+ws(i)
pms(i,lp) = evaprh*ws9{i)*wp{i}+pns(i,lp}
wag{l) = wb{i)+wgli)

rlsp(i) = wtii)+rlisp{i)

pms(i,1p) = qgo*wq(i)+pus(i,1p) -
qli,1p) = pms®{i,lp) wa(i)+q(i,lp}
continue

call adbgsatg (mx,t(l,ip}, plii,1lp), ws )

do 700 1 = 1, nx
if [ wg9(i) .it. wp9{i} } then
if { wt8(i) .le. wp%{i) ) then

case (1} all falling rain evapolates in the next lower layer

ws9(i) = rlspdii}/pmssii,1p}
wa{i} = { rlspli)*pms9(i,lp}-rlsp9ii)*pmsii,lp) )
> /pms9 (i, 1p)*r2
qii, lp) = gli,1p) + ws(i)
t{i,1p) = t(i,lp} - ws(i) *hlcp
rlsp{il 0.0

rlspli} = ¢.0

ws(i)=-hlcp*t{i,lp)+t{i,lp)

ws(i)=q(i,lp}+ws(i)
rlspi{i)=ws(i}*pmsS (i, lp) foms2{i,1lp)**2 + rlspli}
pmsi(l,lp)=-rlsp9%(1)*ws(1)/pmss(i,1p)~+2 + pms(1,1p}
else

case {2} part of falling rain evaporates in the next lower layer
so that the relative humidity is evaprh, rest rain falls through

wevd = wpS {1} - wg9il)
wad{i) = wevd / pu=dii,lp)
wev = wpii) -~ wg{i)
rlsp{i) = rlspli) - wev
wsi{i) = { wev*pms9{i,lp)-wevi*pms(i,ip) ) / pmed(i,lp)*~2
q(i,1p) = gli,1lp) + wa{i)
£(i,1p} = t{i,1p} - ws(i}*hlcp
ws(i) = ~hlep*t{i,lp)+ws(i)
wsili) = afi,lp)+ws i)




wavaws (1) 'pmsS (1, 1p) /pmsd (i, lp) »*2 + wev
prs (i, 1p)=-wevi*ws(1)/ pmsd{i,1p)**2 + pms{i,lp)
wev=-rlsp{i)+wev

wp (i}=wev+wp{i)
wg(i}=-weviwg(i}
endif
endif
700 continue
endif ! nrain.eq.0 .or. ....,.
<
if { nsat¥ .ne. 0 ) then
c
o update rain fall amounts generated in this ¢all only
c

do 520 i = 1, nx

wp{l) = ws(i) - g{i 1)

rlsp3(i} = rlspd9(i) + pms9(i, 1} wpd(i)

rlspli} = rlsp{i) + pus(i,1}*wp2{i) + pmsS(i,1}*wp{i)
520 coentinue

2]

expand adjusted g and t ra full) grids

inx = 0
do 500 i = i, nx
if { cld9(i} } cthen
inx = inx + 1
ali,l) = wglinx)
t(i,1) = we{inx}
endif
500 continue
do 410 4 = 1, nx
ws(i) = q(i, 1)
41¢ continue
if ( wmax .1t, 0.002 ) go to 400
390 continue
print 992, 1, wmax
992 format (1x,'***warning: lsp not converge in 5 iter, (1,wmax} =

1 s i3,1x,213.6 )
400 continue
ipass{l) = ie
de 320 1 = 1, nsat
if (wmax,lt.abs{ wg?(i)/ws®{i) - 1.0 )} then
c winax=abs { {wq{il*ws?(i)-wgd (i) *wa(i))rwsa(i)**2 |

wql(i)=absa( wmax*ws9 (i) /ws9(i}**2 }+wqg(i)
ws(i)=abs{ -wmax*wqd (1) /ws9 (1} **2 J+wgli}

else
wmax=wmax

endif

120 centinue
wmax = 0.0
call adLgsatg {(nsat%, wt, wp, ws }

iterata foy naw saturatian

o

de 380 iec = 1, icmax
do 300 i = 1, nsat9
wwd = {wgd{i) - ws9(i}) / (1.0 + gamfac*wsd({i}/(wtI{i)*wr9(i)]}

<}
c
[}
c
o
c
c

onnn

fdisk2/apache/dym/model/adL1sp.f

wi = ( (wq{l) - ws{i))*(1.0 + gamfac we9 (i)/{wEF{i)*wkg(i)})

> —(wg9{i} - w=9({i))=(1.0 + | gamfac*ws (i) *{wt3 (1) *wt9(i))
> —gamfacrws9 (1} * (2. *wc9 (i} wk{i})} }
> AU Iwed (i) swea{i))**2 } )
> £ (1.0 + gamfac*ws9 (1) /{we9{di}*weo(i)})**2

wali) = wa(i) - ww

WE{i} = wb(i) + ww*hlep
ww=wt{i) *hlep+ww .

ww=—wq (i) +ww
wq{il)=ww* (1.0 + gamfac*ws9{i}/(wts (i) *we9(i1})

> F11.0 + gamfac*wsd{i)/{wtI{i}*wta (i)} =+2

> g i)

ws(i)=-uw* (1.0 + gamfac*ws9 (1) /(wkS (i) *weH(i)))

> f£{1.0 + gamfac*wsG(1)/(wto (i) *weI(i})}**2

S +ws{i)

ws(i)=-{ (wq9(i) - ws9{1})1*(1.0 + ( gamfac*ww* (Wk9 (1) *wed (1))
> Flwed (1) *wtd (i) )*"2 }

> /(1.0 + gamfac*wsS (1}/ (Wea (L) *wtd(i}))**2

> +ws (i)

whil)=+(wad (1) - ws9(i))*{-gamfacrws9 (i} * (2. *wwrwtd (i})
> A{we2 (1) *wES (1)) **2 ) -

> F(1.0 + gamfac*ws9{L)/(wro{i)*weo(Ll)))**2

300 continue
pack saturated points into work arravs ws, wg, wt, wp

ink =

do 240 i = 1, nx

if { €2d%(i) ) then
inx = inx + 1

wal{inx) = qgs(i)

wglinx) = g(i, 1)
wtiinx) = t(i,1)
wpiinx) = pl{i, 1

plii,l}=wp{inx}+plii, 1}
tll, l)=wt(inx}+c{i, 1}
qli, Ly=wy i) +gli, 1)
gs{i)=ws (inx)+qs (i)
endif
240 continue

endif ! nsats .ne. 0
1sppt{l} = nsat®
ipass{l} = 0

do 200 i = 1, nx

<ld9{i} = q9{i,1) .gt. gs9({i}
200 continue

neat = 0

do 220 1 = 1, nx

if ( eld$(i) ) nsat® = nsaty + 1
220 continue

set up cloud index array 'cld’

call adLgsatg (nx,til,l}, plil,1}, qs }

4]



o 00000

800

150

100

continue
Do Loop 100, 150

compute mass in batween sigma laver (kg,

INPUT: pst, rlsp
CONST:" dsig,g

do 150 i = 1, nx

rlspii} = 0.0

continue

do 100 1 = 1, lev

do 100 1 = 1, nx

pms9{i,1) = pst9({i)*dsig(l)+10C.0/g
pms{i,l) = pst{i)*dsig(l)*100.0/g
psti{ij=pms(i,l)*dsig(l)*100.0/g+pst(i)
continue

return
end

= pst*dsig*100/g)

QUTPUT:

ms

/disk2/apache/dym/model/adLlsp.f

30
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subroutine adLgsatqgl {imim, tqgs®,pgs9,tgs,pas,qgss)
ADJ of Lgsatql, adL mean adjoint of linear operator

gsatql.f was medified from origin gsatq.£, the reason is,

we nead to rearrange the origin code for produce TLM and ADJ
D L S e

vectorized saturation specific humidity subroutine
algorithm is table-lookup.

formal parameters:

+e% apnst *Eees

imim: number of elements in input arrays
*Arw ouEput Read

tgs: input temperatures
pqas: input pressures

wewr ipmgp sess
qss: output saturation specific humidity

dimension tgs(imim),pgs(imim),qgss({imim}
dimension vpsat[1591)

Basic State Variables
dimension tgs$(imim),pgsd (imjm).qss9 (imjm}

dimension estl(51),esr2(39),est3(101)
equivalence (vpsat(l).estl), (vpsat{52),est2}, {vpsat(S1),escl)

@38tl are the saturacted vaper pressure over ice for the temperatures
=90.0 to -40.0 degrees c in one degree increments.

est} are the saturated vapor pressures over water for the temperatures
0 to 100 degrees ¢ in one degree increments,

est? are the saturated vapor pressures over water and ice For the
temperatures -39 to -1 degeegs ¢ linearly interpeclated assuning
total ice at -40.0 degrees and total water ar 0 degreaes.

the saturated values are obtained from the smithsonian metecrological
tables, sixth revised edition {1971} page 350 using the gofi-gratch
formulation for saturated vapor pressure.

data estl/
- 2.6716%a-03,  1.3NU03a 0d, 1 AMN1%e 04, L.6hild%e B4,
¥ 1.97736e-04, 2.35329e-04, 2.79584e-04, 3.31553e-04
* 3.9248%e-04, 4.630820e-04, 5.47177e-04, &.44430e-04,
7.57710e-04, 8.89450e-04, 1.04242e-03, 1.21975e-03,
¥ 1.45503e-03, L1.662302-05%, 1.9361lae-03, 2,35172e-03,
2.61488e-03, 3,03222e-03. 3.51113e-03, 4.05995e-03
' 4.68004e-03, 5.4058B9e-03, 6.22523e-03, 7.15922e-03,
x 8.222532-03, §.43153e-03, 1.08045e2-02, 1.23617e-02,
i 1.41258e-02, 1.6121%e-02, 1.83779%e-02, 2.0%244e-02,

<
c

/disk2/apache/dym/preini/adlgsatql.f

.

2.37959e-02, 2.70300a-02,

* 3.83475e-02, 4.44947e-02
* 6.39258e-02, 7.19807e-02,
* 1.02134e-01, 1.14538e-01,
data est2/
. 1.45280e-01,
% 2.08643e-01, 2.34515e-01,
*  3.30441e-01, 3.69270e-01,
. 5.10843e-01, 5.67581e-01
. 7.72185e-01, B.53352e-C1
i 1.14287e+00, 1.25659e+00,
. 1.65806e+00, 1.,01d424e+00,

o 2.356008e+00, 2.5703%e+00,
* 3.29815e+00, 3,5759%e+00,
& 4.52773e+00, 4.88753e+00,

data {est3(i},i=1,40}/

; 6.10780=2+00, 6.56617e+00,
* 8.128246e2+00, B.71922e+00,
i) 1.07216ea+01, 1.14739e+01,
- 1,40172e+01, 1.49688e+01,

" 1.81729e+01, 1.93672e2+01,
3 2.33729e+01, 2.48605a+01,
= 2.98314e+01, 3,1670Be+01,
5 3.7795%e+01, 4,0054B8e+01,
4 4.75511e+01, 5.0306%e+01,
" 5.94220e+02, 6.27825e+01,

data (est3{i),i=41,80)/

- 7.37774e+01, 7.75022e+01,

. 9.10328e+01, 9.58548e+D1
i 1.11655e+02, 1.17401e+02,
* 1.36174e+02, 1.4297Be+0Z,
] 1.65161e+02, 1.73180a+02,
» 1.99260e+02, 2.08665e+02,

= 2.39180e+02, 2,5015%2+02,
] Z,856%6e+02, 2.98453e+02,
* 31.39655e+02, 3,54414e+02,
* 4.01979%e+02, 4.18982e+02,

data {est3(i),i=81,101)/

- 4,73665e+02, 4.53175e+02,
5.55795e+02, 5,780%3e+02,
6.49527e+02, 6.74918e+02,

- 7.56120e+02, 7.84918e+02,
B.768760+02, 9.0944Be+02,
1.013258+03/

3.06684e-02,
5.02607e-02,
8.09670e-02,
1.28323e-01/

1.64189e-01,
2.63398e-01,
4.12053e-01,
6§.29773e-01,
9.41827e-01,
1.37992e+00,
1.9827%e+040,
2.79628e+00,
3.8728%e+00,
5,2701%e+00,

7.05475e+00,

9.346;7&+00,

1.22723e+01,
1.558767e+01,
2.06258e+01,
2.84302e+01,
3.36085e+01,
4.24303e+01,
5.32001e+01,
6.62643e+01,

8.20150e+0),
1.60894e+02,
1.23395a+02,
1.50070e+02,
1.8152%e+02,
2.18446e+02,
2.61562e+02,
3.1168%e+02,
3.69711e+02,
4.36586e+02,

5.13354e+02,
6.01135e+02,
7.01131e+02,
8.14633a+02,
9.43018e+02,

3.47573e-92,
5.67130e-02,
9.09823e-02,

1.85241e-01,
2.95248e-01,
4.59124e-01,
6,97819e-01,
1.03814e+00,
1.51352e+00,
2.16447a+00,
3,03858e+00,
4.18982e+00,
5.67664e+00/

7.575286e+00,
1.00132e+01,
1.31152a+01,
1.70438e+01,
2.19639e+01,
2.80858e+01,
3.56487e+01,
4.42274e+01,
5.62365e+01,
6.958337e+0)/

8.5423ze+01,
1.06159e+02,
1.29650e+02,
1.57461e+02,
1.90218e402,
2.2B6l3e+02,
2.73404e402,
3.25418a+02,
3.85560e+02,
4.54B80Ba+02/

5.34221e+02,
6,24940e+02,
7.28188e+02,
8.45278e+02,
3.77609e+02,

Basic State

do 1000 i=1,imjm
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if ( (egs9{i)-1B2.16}.1t.190.995 } then if { {tgs9(i)-1B2.16).1t.290.99% } then
tmp9=tqs9(i)-182.16 : [ top=tgs i)

else tgs(i}=tmp
tmp3=190.999% else

endif c tmp=0.

if { tmp%.gL.1.00001 ) then N tmp=tmp
tl9=tmpd endif

else c ‘
£19=1.000C1 100 continue

endif c 4

[ return
ic? = int(tl®) end

tempgqqgd=vpsat (icd)+{vpsat(l+icd)-vpsat{ic9)}*(t19~-float(ic9))
if { tempqgqg?.lt.tem*pgs9{i) } then
qqgd=tenpqqq?
else
aguI=tem*pgsd (i)
endif
gss9(i) = 0.622%gqegd/ (pgsd(l)-qyyd)
1000 continue =
bt bbb brbr it end of Dasic SLabe ettt bbb bbb brb i bbbt et

[
c
e
c ADJ code
o

do i=,nxlev
tgs{i)=0.
pgs{i)=0.
enddo

do 100 i=1,imjm

e qssii) = [0.622*qqq* (pqs?(1)-qqq?)-0.622%qqq3* (pqs (i) -qaq)
¢ > /lpgsd{l)-qqq9)~*2
quq =0.622*gss (1) *(pqs9{i)-quq9}t/(pas? {l)-gqqdt 2
qqq = qaq-0.-622%qqqd*qss 1)/ (pasiil-qqqdl **2
paeti) = pysii)-0.5224quqd*gssi{i)/ (pys9{i)-quad) **2
if ( tempggg9.lt.tem*pgsS(i) } then
< qaq=tenpgqy
tempaaa=4ad
else
c gqa=tem*pgs (1)
pgs (i}=tem*qqqg
endif
L+ tempgmg= (vpsat (1+ic9)-vpsat{ic9))*tl
tl=(vpsat (1+ic9}-vpsat(ic?)) *tempgqq

v =0

if { tmp9.gt.1.00001 ) then
c tl=tmp
tmp=tl
else
c £1=0.
tl=tl
endif




