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Chapter 1

Main principles

This paper presents the diagnostics on horizontal dom8b#] developed initally for the vari-
able mesh of &KPEGHglobal stretched model), and now also available forAIN (Limited Area
Model) and ARoME (Cloud Systems Resolving Model).

The main objective of the DDH tool is to provide, on user defici®mains, the budget of
prognostic variables of these models (momentum, temperattater vapour, etc). The DDH tool
is used by searchers and model developpers to understandathel’s dynamical and physical
interactions, thus contributing to the parameterizatiemetopment process. The DDH are also
used for other purposes, like getting mean model drifts wétspect to analyses, or to extract
model vertical profiles at given locations.

These diagnostics are made, on the one side, of logicalifursctvhich enable to manage
several user defined horizontal domains depicting partseowhole of the domain of integration,
while reducing the number of scientific computations. Ondtier hand, they include the produc-
tion of budget equations of the prognostic variables for dim® such as zonal bands, rectangular
areas, single vertical model columns, or the whole globe.

Each model point is described within the DDH sofware by itsggaphical position, a scale
factor, the orientation of the geographical North vectomean value of each variable as well as
some horizontal derivatives.

Each point is independent and can belong to different uséned domains; any mean on
several points makes a domain. The gathering of all pointsesiéhe global domain. A zonal
mean is made on a grouping of points between two given la#uetc.

DDH therefore makes a double representation of domainsstafiie, external, which operates
groupings meaningful for users; that is a zonal band, ortpairithin a given geographical area.
The other one, internal, consists in the grouping of anyrgbloénts, not even necessarily connex
ones.

Information within a given domain is also categorized by DDét some parameters, an in-
stantaneous value is required, for others, only a mean valtime is required. This implies the
use of operators of horizontal means and of simple and limesan values in time, commutative
as often as possible.

1.1 User-defined horizontal domains

e whole globe,
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e zonal bands of equal surfaces,
¢ limited domains, defined by either two or four corners, cappling or not,

e isolated points, either inside or outside the above meation

In practice, for the DDH software, limited domains and isethpoints are the same kind.

1.2 User-defined outputs

e a print on standard output of budgets on any given domaireitical mean.

e the production of a file such dsFA which includes vertical profiles of mean horizontal
parameters, eventually cumulated in time, on this ensenflidemains. Thus, the following
files can be produced:

— afile for the whole model domain,
— afile containing zonal bands,

— afile of limited domains and of isolated points,

1.3 Scientific content of diagnostics

e Budgets of mass / energy: balance of air and water massemntiabtand internal ener-
gies, kinetic energy, momentum budget, entropy budgetbeaactivated from independent
logical indicators.

e For surface, the DDH tool provides surface fluxes, but ndttaaigets, as these soil budgets
are given by the SURFEX software itself.

For more detail about budgets, see sectihg. ?7?).

1.4 Output frequency

For DDH diagnostics, two independent control chains ardabla. One for printing, the other
one for producing files. They enable to choose a time unitg(titep or prediction time) and to
generate output either at regular intervals or at specifégular prediction times.

1.5 Internal representation of domains

The main principle of DDH is to allocate each model pdmbne and only one internal domain
and this even if this point belongs to seveuaér domains. With this principle, scientific com-
putations are made only once, thus saving computation tifterefore, two ways to split the
integration domain are used:

e the external (or user-defined) splitting given point can be at the same time, within the
global domain, within a zonal band, and within one or moratieh domains. Of course,
final file or listing outputs are presented in this user-defigeometry, but one should try to
make the least possible computations.
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e the internal splitting meaning the partition (in the sense of the ensemble theuryhe
integration domain. Therefore, to each point is associatsthgle internal domain. The
associated mask is set in the same way as the geographid@ms®ne, land/sea indicator,
etc. To each user's domain corresponds a single set of aitdomains. This set entirely
defines the external domain.

1.6 Horizontal mean operator

It must be such that the average of the mean values of eachnselmble gives the global mean
value on the sphere (or on the entire model domain, in the chadimited area model). Each
point is given a weight which represents its geographicebse (but without dimension).

1.7 Computation time of DDH

Scientific computations of budgets are equivalent to a ngxlelynamics: advections and dy-

namical vertical fluxes are computed. As many intermediasellts as possible are re-used (e.g.
parametrized fluxes). The code tries to optimize to its bestesaspects such as the vectorization
of mean value in time. The code is respectful of the parakegltment and results are satisfactorily
similar, whether got in mono or multi task modes.

However, the success of the application of the princigb@e point, one internal domain
leads to the fact, when a user calls an output requiring thieeeset of points (e.g. from the global
domain or from zonal means), complementary domains aresdlfreze of computation time, only
the cost of corresponding file or listing outputs comes irtosideration.

Having said that, using the DDH code to produce diagnostios@point only, requires a large
computation time, as computation is done on all points agywa
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Chapter 2

Producing DDH files: geometry, user
namelist

This chapter presents two aspects of the know-how: firstleflzt has to be declared in the user
namelist to generate budgets and DDH files, and secondlyléhstrfiicture.

2.1 Different kinds of horizontal domains

To each kind of horizontal domain (global, zonal band, leditarea) is associated a logical in-
dicator of activation, two output indicators (files and/stihg), and, for limited area domains, a
geometrical identification longitude/latitude of the cers).

Recognized types:

e The global domain is activated ifHDGLB is true,
e Zonal bands are activatediHDZON is true,

e Limited area domains or isolated points are activatedHDDOP is true.

2.1.1 Global domain
e LHDPRG, true for printing.

e LHDEFG, true for producing a file.

2.1.2 Zonal bands

The total number of zonal bandsNPHKD. In case of file output, a single file will contain all the
bands. In case of print, only one band will be printed; thisdahould be specifiedNDHZRP).
To summarize

e LHDPRZ true induces the printing of the latitude band numKBHZPR,
e LHDEFZ true induces the writing of a file,
e NDHKD specifies the number of latitude bands.

11
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The principle of itis to divide the real sphere iMidHKD bands of geographical latitudes of equal
surfaces. Each band is identified by its indeékd (1 < jkd < NDHKD).
Let the zonal band between geographical latitugles; andd, ;iq+1, and notating

Mikd = SinOg jrd,

the equality of the surfaces leads to create the followiritesaf the Northern boundary of the
bands:
NDHKD X 27a’ (Mjkd — Wjkd+1) = 4ra?,

with 1 = 1. Therefore

2
NDHKD

tika =1 — (jkd — 1)

The latitude of the zonal banikd is

1\ 2
g =1— (jkd — =
Hijkd (‘7 2) NDHKD

2.1.3 Limited areas
Several type of limited domains may be defined
e Type 1: an isolated point defined by its indexes (jlon, jgl),

e Type 2: a domain defined by its four corners identified by (gaplgical longitude, geo-
graphical latitude),

e Type 3: a domain defined by two opposite corners, identifiedgepgraphical longitude,
geographical latitude),

e Type 4: an isolated point defined by its geographical pasitio

Please note that, for the moment and for simplicity sakescéition computations are based
on computation of straight lines in space (s).

The management of either total or partial overlapping betwdomains calls for the notion
of virtual plane. As a matter of fact, to each declared donmemssociated a virtual plane. Thus,
diagnosticdDDH will know either

e that possible overlapping should be ignored and that distggsoshould refer to domains as
they have been declared. To do so, domains must be locaidd separate virtual planes,

e Orthat overlapping is a way to modify the geometry of a donadieady declared, therefore,
diagnostics will refer to modified domains. To do so, domamsst be affected to the same
virtual plane, furthermore, the order of declaration is artant. This will enable to create,
in principle, any shapes of domains, from those elementggs

Let us see a few examples.

Case 1.

All domains are disjoined (figure 2.1). The notion of virtywédne is needless. In practice, put all
the domains in the same plane.
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Case 2.

+2

Figure 2.1: Case 1

Figure 2.2: Case 2

Domain4 overlaps domaind, 2 and even3 (figure 2.2). Complete results in each of these
domains are required. In practice, allocate domains tindisplanes (figure 2.3).

Plan 1

Plan 2

Case 3.

Figure 2.3: Case 2

Domains are embedded to up to three levels and completagasigach of them are required
(figure 2.4). Allocate domains to distinct planes.

Case 4.

A domain is not a quadrilateral, another has the shape ofga(figure 2.5). To get diagnostics in
these domains, do the declarations in the same virtual poe®rding to the numbers of figure

2.6.
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Figure 2.4: Case 3

Figure 2.5: Case 4

Plan 1

Figure 2.6: Case 4
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Some remarks about declaring domains. First of all, theme &slgorithmic limit to the number

of overlapping levels. For practical reasons, the limitiiseg by PARAMETER JPDXHPU, which
is (quite) easy to modify.

There is no need to execute a formal declaration of a virtlzadgo(hence its name). In practice
and from the point of view of users, it is only a coordinate afamain. Allocating a domain to
the planelV creates the plangd’. However, memory and time costs can be lessened if affentati
are declared to successive planes (1, 2, 3, ... and not 1, 3, Which would leave planes 2 and
4 empty).

Case 4 shows how declarations are managed within a same planeach virtual plane is
associated a mask of points distribution. The index of atdeithe number of the domain in the
plane, 0 if the point does not belong to any domain. The deatitar of a domain of the kind 1 to
4 being read and verified, points will be allocated to it, ipeledently of their indexes at that time,
0 or any other value.

Thus, let us go back to case 4. Quadrilateral 1 is declaredgaess for domain 1. Every
single points included in this quadrilateral is given indexThen, quadrilateral 2 is declared and
its points are given index 2, notably, those which previgiisld value 1. The shape of points»
changes and takes the shape of the final domain 1. Convetsalgt ring 3, it is sufficient to
declare its outer outline and to make a hole inside it and theteclare its inner outlineWithin
any given virtual plane, a point is allocated solely to tts¢ beclared domaiwhich contains it.

To summarize:

Embedded or overlapping domains: allocate each domain tstiad virtual plane. Require
as many virtual planes as it is necessary.

Strange or punched domains: within the same virtual plaigort and make holes in the
successive sketches of the quadrilateral.

The management system can not guess by itself which of theppmaches you will use.
Therefore, should you not pay any attention to the dectamatiespecially to the virtual coordinate,
an error may occur.

Besides, let the absent-minded reader be reminded that,ieagoint seems to be relevant
for the four domains, diagnostics will be made only once. toél planes are given up by the
software in favour of a unique distribution plane where enetv possible intersection makes a
new "internal" computation domain. Thus, case number 1sgfwathout the horizontal means)
four internal domains, case number 2 (always alone) givesrsimternal domains, and so forth.

Let us now present what has to be declared in order to sta@fié diagnostics.

2.2 Declarations. TheNAMDDH namelist

As always with ARPEGE, setting up options is done by a namehisr these diagnostics, most
items depend oNAVDDH. However, the control of output events depend®aMCTO andNAMCT 1.
Some dimensions, presently coded RESRAMETER could be managed more flexibly through
NAMDI M

2.2.1 Declarations

NANMDDH regroups the main parameters controlling the diagnos@amn be found logical indica-
tors, some numerical parameters and also a table to dedastbfe limited domains.
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2.2.1.1 Type of domains

e LHDG.B: global domain (diagnostics are produced if the indicatdrues)
e LHDZON: zonal bands

e LHDDOP: limited domains and isolated points.

2.2.1.2 Variables to budgetise

e LHDHKS: budget of atmospheric mass, energy, momentum, relativeditynsoil budget.
e LHDMCI : budget of kinetic momentum
e LHDENT: budget of entropy

Should no domain be specified, no diagnostics are producdeoul&a domain be specified, but
no content specified, ARPEGg&stopped The same goes if no output is requested.

2.2.1.3 Output on file or listing

e LHDEFG write zonal bands diagnostics on file,

e LHDEFZ: write zonal bands diagnostics on listing,

e LHDEFD: write limited domains diagnostics on file,

e LHDPRG write global diagnostics on listing,

e LHDPRZ: write zonal bands (a single band will be written) diagnasta listing,

e NDHZPR: index of the latitude band whose budget will be printed_HDPRZ is true),
e LHDPRD: write limited domains diagnostics on listing,

e LHDFI L: the list of articles written in each DDH output file, will be i¢en on listing.

2.2.1.4 Software maintenance, debugging mode

e LHDLI ST: printing on listing in verbose mode,

e LHDVRF: verification mode, activating the budget computation in paiat; the output is
written on listing.

e NVDHLO IndexJLON of the verification point,

e NVDHGL: IndexJGL of the verification point.

Futhermore, this point must be declared as a domain. For deieels about this option, refer to
pages?? and following.
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2.2.1.5 Control results reproductibility

e LHDREP: true if one wishes the results of the diagnostics to be rapitte bit to bit from
a multitask run to the next one. This option, useful for datacpssing validation, is useless
for scientific interpretation. Difference imon reproducible mode ( HDREP false) are not
significant: to this day, no difference whatsoever, upo' in the relative way, has been
noticed! The advantage of the recommended opLibiDREP = . FALSE. is to make
substantial savings in the occupation of the memory.

2.2.1.6  Number of zonal bands

e NDHKD: Number of zonal bands.

2.2.2 Declaration of limited domains

The declaration is made by filling in a double entry taBREDDH( 10, JPDHNOX) . J PDHNOX
is aPARANMETERwhich gives the maximum number of possible limited domaihgoes together
with JPDHXPU, maximum number of virtual planes. For each domain, its tyjsevirtual plane
and indications dependant on the type are given. Therefore

BDEDDH(1, domain number) = type

BDEDDH(2, domain number) = virtual plane

For type 1, point given by its indexes

BDEDDH(3, domain number) = rjlon

BDEDDH(4, domain number) = rjgl
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For type 2, quadrilateral given by its four corners

BDEDDH(3, domain number) = Longitude of corner #1, in degrees,

BDEDDH(4, domain number) = Latitude of corner #1, in degree,

(BDEDDH(5, - ), BDEDDH(6, - )) = (\2,0s)

(BDEDDH(7, - ),BDEDDH(8, - ) ) = ()3,03)

(BDEDDH(9, - ), BDEDDH(10, - ) ) = (A4, 04)

In order to specify a domain, one must comply with the follogvconstraints:

3

0 360 720

Figure 2.7: Constraints for quadrilateral declarations

e For a domain which does not intersect the Greenwich meridian

—1§ui:sin9i§1, OS/\Z§36OO

and

Ao > A1, p3<plo, A3> Ay, p1 > pg

e For a domain which intersects the Greenwich meridian, theesarder in the declaration of
corners applies, but furthermore, we have

(A1 <360°0uXg <360°) and (A2 > 360° ou Az > 360°)
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For type 3, rectangular domain given by two opposite corners

BDEDDH(3, domain number) = Longitude of corner #1, in degreek,

BDEDDH(4, domain number) = Latitude of corner #1, in degrees,

( BDEDDH(5, - ), BDEDDH(6, - ) ) = (\3,03)

This means that, with the same constraints as above, onaréganly corners 1 and 3. Im-
plicitly
(A2 = A3, 2 = p1) €t (Ag= A1, g = p3)

For type 4, points given by their geographical position

BDEDDH(3, domain number) = longitude), in degrees

BDEDDH(4, domain number) = latituded, in degrees

In that case, diagnostics will be made on the closest gridtpasing the spatial Euclidian
metric in the , 1) space.

Allocation of points to the domains
The point whose geographical coordinateXs, (..,) is allocated to a type 2 or 3 domain in the
following conditions.

Domain which does not intersect the Greenwich meridiap € 27 et A3 < 27)

fo — 1 H1A2 — H2A1

< A _
Hg_)\g—)\l gt Ao — A1

)\gg)\3_)\2 ﬂg+ﬂ3)\2—ﬂ2)\3
3 — p2 13 — 2

Ha — p3 H3A4 — paA3

> N, g M8 HAAS
'ugi)\4—)\3 gt A — A3
A — A A4 — g
)\gZ 1 4 9+M14 HaA1
M1 — M4 M1 — pg

Domain overlapping\ = 0 The same tests must be made ap { 27, 1,) for any point so that
Ag < max(A3 — 27w, Ag — 2m).
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2.2.3 Default values

By default, all logical indicators areALSE and dimensions are set to zero. By default, no DDH
is done.

Here is an example of a namelist which activates diagnostiei types of domains. 6 zonal
bands are requested. 6 limited domains are declared inBaljptanes. Domain 2 is intersecting
the Greenwich meridian.

NANVDDH
LHDGLB = . TRUE., LHDZON = .TRUE., LHDDOP = .TRUE., LHDHKS = . TRUE.,
LHDMCI = . FALSE., LHDENT = .FALSE., LHDPRG = . TRUE., LHDPRD = . TRUE.,
LHDPRZ = . TRUE. NDHZPR = 3,

LHDEFG = . TRUE., LHDEFZ = .TRUE., LHDEFD = .TRUE., LHDLIST = . TRUE.,
NDHKD = 6, LHDVRF = . TRUE., NVDHLO = 5, NVDHGL = 29,
BDEDDH(1,1) = 2., BDEDDH(2,1) = 1., BDEDDH(3,1) = 250. BDEDDH(4, 1) = 45.,
BDEDDH(5, 1) = 440. BDEDDH(6, 1) = 80., BDEDDH(7, 1) = 360. BDEDDH(S8, 1) = 15.,
BDEDDH( 9, 1) = 215. BDEDDH( 10, 1) = 35.,

BDEDDH(1,2) = 2., BDEDDH(2,2) = 2., BDEDDH(3,2) = 125.BDEDDH(4,2) = 20.,
BDEDDH( 5, 2) = 350. BDEDDH(6, 2) = 75., BDEDDH(7, 2) = 360. BDEDDH(S8, 2) = -5.,
BDEDDH( 9, 2) = 85., BDEDDH( 10, 2) = - 20.,

BDEDDH(1,3) = 3., BDEDDH(2,3) = 1., BDEDDH(3,3) = 30., BDEDDH(4, 3) = 10.,
BDEDDH( 5, 3) = 245. BDEDDH(6, 3) = - 30.,

BDEDDH(1,4) = 3., BDEDDH(2,4) = 2., BDEDDH(3,4) = 0., BDEDDH(4,4) = 90.,
BDEDDH( 5, 4) = 359. BDEDDH(6, 4) = 85.,

BDEDDH(1,5) = 1., BDEDDH(2,5) = 1., BDEDDH(3,5) = 10.,BDEDDH(4,5) = 1.,
BDEDDH(1, 6) = 4., BDEDDH(2,6) = 2., BDEDDH(3,6) = 20., BDEDDH(4,6) = - 70.,

2.3 Output occurrence control

As for other ARPEGE output, regular output frequency may igergin time step. One may also
fill in a table which will enable to make irregular outputs.

The control tables ardix TS( 0: JPNPST) with x=DHFG for file outputs of the global domain,
x=DHFZ for file outputs of zonal band domainss=DHFD for file outputs of limited area domains,
andx=DHP for printed outputs.

Time units areNFRX.

Tables and units are initialized throuyAMCTO.

Three kinds of outputs are possible
1. If NFRx=n (n > 0) andNxTS( 0) =0: output everyn time steps.

2. If NFRx=n (n > 0), NXTS( 0) =m (m > 0) andNxTS(¢) =p; (p; > 0,7 € {1, ..., m}):
output at time stepap;. In this case it will be preferrable to séit NC=. FALSE. in
namelistNAMOPH, in order to force the date units in output file names to beriretsteps
(rather than in hours).

3. If NFRx= n (n > 0), NXTS(0)=—m (m > 0) and NxTS(i) =—p; (p; > 0, i €
{1, ..., m}): output at hours:p;.

As a matter of fact, these outputs are only possible at these steps. They are actually
produced if, in additionN1x = 1.
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These parameters belong MDDULE/ YOMCT1/ , initialized in SU1YOMwith the namelist
NAMCT1. They are set to zero, if either diagnostlaidH are not activated or if no file or no listing
are requested. This cancels the corresponding outputewdrathe content dAMCTO may be.

2.4 Identification of domains in the code and in the outputs

The user-type identification of domainBEDDH) is transformed in a simpler form, for use by
the internal part of the DDH software. Here are indicatedidieatification conventions which are
used internally by the DDH. To each domain is associated eriggsr of 11 words.

e Words 1 and 2 are the coordinates of the domain : virtual ptanrtenumber in the plane,

e Words 3 to 10 are mostly geographical information type delpen

e Word 11 is the kind of domain.

DOMAIN IDENTIFIER

1 2 3 4 5 6 7 8 9 10 11
f number
Virtual in  this Type-dependent information Type
plane | piane
plan | number| X, Ky | Tjion | Tjgl Type 1. Point
plan | number| X, Kg | Tjion | Tigl | Ag Lg Type 4. Point
user value user value
plan | number| X, 1 Ao o As Lhs Ay s Type 2.
Quadrilateral
plan | number| A | g | Ao | =i | As=As | g A=Ay | pa=ps | Type 3.
Rectangle
0 0 Type 5. Globe
0 jkd ndhkd | jijra Type 6. Zonal
band

Non allocated values are initialized to zero. Longitudesiarradian. For points and limited
domains, this information is kept in taldFNODDH( 11, JPDHNOX) of the MODULE/ YOMLDDH/ .
For the globe and zonal bands, the information is reallywls@ily during the output.

Moreover, the properties of he domains are the ones dedigrétte user (except for 4): a way
to show that a domain has then been deformed or punched iasking.
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2.5 Logical structure of output files

For a given date, files contain a suite of domains. For eachesfit a suite of profiles and soil
variables can be found. Three files can be produced: globaklzlimited area. These files
are physically written with thé.FA software (Jean-Marcel Piriou), if LHDLFA is true, and in
pseudo-GRIB format, if LHDLFA is false.

2.5.1 File names

Global DHFGLeeee+nnnn
Zonal bands DHFZOeeee+nnnn

Limited area domains DHFDLeeee+nnn

eeee: the first 4 letters of the name of the experiment,

nnnn: output date in hour or time step, according to the logicdidator LI NC from namelist
NAMOPH.

2.5.2 Articles giving information about dimensions and dags
Article 1.

The first physical articlé | NDI CE EXPERI ENCE’ contains the name of the experiment.

Article 2.
Article ” DATE’ (11 mots).

1. Year,

2 . Month,

3. Day,

4 . Hour,

5. Minute, date of integration start.

6 . 1if forecast range is in hours, 2 if forecast range is insgjay
7 . Forecast range,

8.0,

9. 10, except maybe at the beginning,

10 . Number of cumulated values,

11.0.
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Article 3.
Article * DOCFI CHI ER' (17 words).

1. File type:

1 limited area domains,
5 global domain,
6 zonal bands.

. 0 if LHDHKS is false, 1 if true,
. 0if LHDMCI is false, 1 if true,
. 0 if LHDENT is false, 1 if true,

. NSTEP, current time step value,

o o B~ wWwN

. NFLEV, number of levels. Length of variable profiles or variabledencies. The length of
the flux profiles iNFLEV+1,

\l

. NDHCV, total number of vertical profiles for each domain,
8. NDHCS, total number of soil fields,

9. NDHVV, number of variable profiles at a given time. The file cont&riastantaneous vari-
ables: the initial one and that of current time step.

10. NDHFVD, number ofcdynamicab fluxes or tendencies in vertical profiles,
11. NDHFVP, number of«physicab fluxes or tendencies in vertical profiles,
12. NDHVS, number of instantaneous soil variables,

13. NDHFSD, number of soikdynamicab fluxes,

14. NDHFSP, number of soilkphysicab fluxes,

15. number of domains in the file:

1 for the globe,
NDHKD for zonal bands,
NDHNOMfor limited area domains.

16. number of "free" soil variables: these variables arel@ee CMWF for diagnostics such as
10m winds, roughness, etc.

17. number of "free" soil fluxes.

Avrticle 4.

Article ” ECHEANCE' forecast range in seconds (1 word).

2.5.3 Articles giving information about the type of domains

For each domain, there is an identification article 'DOCDminnvherennn is the name of the
domain. This article is made of 11 words whose content has described page 21.



24

CHAPTER 2. PRODUCING DDH FILES: GEOMETRY, USER NAMELIST

2.5.4 Articles giving information about scientific fields

The last part of this documentation will be about the defnitdf each field in each option as well
as the name of this field. Here, we only will indicate how theneaof articles are constituted.
The name of articles takes the formnt vvssssssssss, with

nnn: number of the domain in the filenn varies from 1 taDOCFI CHI ER( 17) .

t . type of field contained in the article:

V:
T:
F:
S:

variable profile, lengtiNFLEV,
tendency profile, lengtNFLEV,
flux profile, lengthNFLEV+1,

soil data, length: cf. page 42.

vv: physical variable written in this file article:

. pressure,

specific water vapour content ,

. zonal momentum,

merional momentum,

. Kinetic energy,

. enthalpy,

. entropy,

. angular momentum,
EP:

potential energy® = g z).

The next 10 characters (suffix) make the field specific namewdder, some general rules
do also apply: for variables given as profiles (whose nambdseforeVV, the instant must be

indicated
ssssssssss = 0 variable at initial time step,
$SSSSSssss = 1 variable at current time step.
Some suffixes crop up quite frequently
. 0
ssssssssss = DI VFLUHOR for terms of the kindiv,, (Xﬁa—p)
n
0

$Sssssssss = FLUVERTDYN for termsyn 8_p’

n
ssssssssss = FLUDUAPLUI for termsd,,, F x.



Chapter 3

Budget equations and horizontal mean

This chapter is about budget equations and discretizatispace and time.

3.1 Generic budget equation

Let x be a variable of the model whose budget is required. The gefoem of the y budget may
be written

9 ( 9\ _ . ~@>_3< -@) op OF,  9G,
a1 <X8n>_ d””(’(”an on \XMay) t545, 9, ~9% 5,
———

——
(M 2) ®3) (4) (5)

To estimate the budgets, it has been decided to systenhaticatk on the extensive scales
0 . : : : —
X a—p, that is to sayy,dp, for the discrete value in the layér In practice, the application of the
vertical discretization leads this equation to

0

. . .0
g (xdp) = —div, (xv'op) — 6 <XT] 8_f)> +Sa0p — goF, — g8, G,

where every term is indexed Iy index of the layer of the model for which this equation means
something/makes sense/. The operatoris

0 =8¢,

where¢; takes the value of at the interlayer.

3.1.1 Term 1. Divergence of horizontal fluxes at the boundaes of the domain

In order to be computed, this term needs to knowytlggadient. For the initial conditions this will
not always be the case. This term will not be complete, eafig@very time wheny depends on

25
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the momentum (momentum itself, kinetic energy, angular matm, etc). Whenever possible,
X (5p div 7 + 5Bﬁw) — SpTVy

is computed. The first term can always be computed. Term 1 baustill in global mean. For a
band of latitude, it gives the value of the divergence of tlegidian fluxy.

3.1.2 Term 2. Divergence of the adiabatic vertical flux

This term will be treated as a flux: the horizontal mean of thargity will be kept

(i )
Xn@'nz

As in the discretization of vertical advection terms,

. Op 1 ) 8p> ~
) == == {=0,--- NFLE
<xn @?7)2 5 (xe + xe41) (n an); pour 0,---, %4

will be computed.
The vertical speed dp/0dn is computed byGPCTY and modified by the lower boundary condi-
tions.

3.1.3 Term 3. Adiabatic source term

Some terms of this kind can be deduced from the dynamical. dealeexample, the potential and
the internal budget express the term called conversion term

[5e5,

} 1 RT = 7 Op
d = - -
onle,r g

7 [% + = Vp} =
p on

Some similar terms are to be found in the kinetic energy budddey, as term 1, are in the

(tendencies category, expressed atevels.

3.1.4 Term 4. Physical fluxes divergence term

Physical fluxed,, are horizontally averaged as such. The enthalpy flux duedcitations is
the only tricky one. Formally, the following form is assumed

F

PepT

=L (n,T) F5* (1)

some assuptions need to be introduced, like

L(T) =L (5 @+ T

whereL is an effective specific enthalpy of phase change.
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3.1.5 Terme 5. Tendency term due to physical parametrizatios
Such terms occur in the energy budgets, e.g. the dissipiaion

tur+conv
aF@ﬁ
on

0]
or in the entropy budget
1 OF.Y
T 0On

These terms are computed, using variables at tinBadget terms gather into three categories:

: 0
e variables from thea xop term,

e tendenciesat model levels (such aBv (xdp v)),
o fluxes at the inter-layersiF, ).

One shows below the discretization processs, on the sieglifudget equation

0 /1 1
Z(z S _SF
T (g X6p> (g xép) tend — 0 F),

which shows three categories. The goalDiiH diagnostics is to give information on the mean
budget on an horizontal domain (surfaceSp):

1 0
= - Fy
SD g /D ; xopdo = SD // ( X5p> tend do // OF, do

Some terms, such as the effect of the horizontal diffusiannot be diagnosed DH: hor-
izontal diffusion is computed in spectral mode, is not cotec into grid-point space, and thus
unavailable for DDH.

3.2 Horizontal mean

Let [ x |, be the global mean. We have

1 2T 3 9 1 2r 1l
[X]G:—4m2/o /%Xa cosegdegdAg:E/o /Axd,ugd/\g

For a given truncation, a precise quadrature of this refateads

K 1 J(k)

3N +1

where N is the triangular truncationy, is Gauss weight and (k) the number of points on
the circle of latitudek.
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Thus, k refers to the latitudes of the gaussian grid gno the longitudes. On the stretched
sphere the scale factor is a function of the spherical haitson

:_ZZXM

56 = 1j=1 ,k:
now with

K J(k)

Se=30 Y o

kljl J

Therefore, the weight of each point will be assimilated as{lie present case, a non dimen-
sional«area elemento ;.

Surface of domairD:

D ik

(j,k)eD

The horizontal mean of parametgron D is written

{é//pxda] = IXlp=% . XjkOjk

jkG'D

With this definition, a division of the globe i domainsD is such that
1 D

[X]G = S_Gd:1

[X]d Sa
The user domairD is divided into one or several internal domaiRs. For a multitask run on
P processors, isolateft terms for every internal domain are computed, which means,

P
Sp, = Z( > Xj,kaj,k)
p=1 (j,k)€Di(p)

XX
whereD(p) are the points belonging  treated in they task.

If the domain is cut inP parts, identical in mono or multi tasks, the mean being a Ermpm
(products are made in each under takkresults become easily reproducible. To summarize, the
output mean on the domain called for the user is

Xo=g & [Z( > mw)l

Pi Lp=l (j,k)€Di(p)

i
uD,;=

Where the two most externdl’ signs can very easily switch over. The algorithm is thus the

following:
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o Parallel computations of the necessary quantiies on every points, initial computation
of o, and transit through the physico-dynamical interface.

e (condensation of results for gp task in parts of the internal domains it manages. Note that
this non vectorisable operation is nevertheless field anel liedependent: it is therefore
along this direction that vectorization will take place.

e Synthesis for output needs only (i. e. from time to time) aftiphsums on user’'s domains.

3.3 Temporal discretization

The typical budget equation

nstep Xt o1 nstep Xt 1
/ — —xopdt = / [ <— X5p> tend — 5FX} dt
0 at 0 g

is integrated by the diagnosti@bH as follow

1 nstep 1 nstep—1 1 jstep
(— Xép) — <— X5p> =6t Z [ <— Xép) tend — 5FX}
g g g

jstep=0

Wheredt stands forTSTEP, the nominal time step, andstep the number of the current time
step. Tendencies and fluxes cumulated in time must be staifbd tendencies and at the fluxes
of the time step preceding the output momBISITEP. Tendencies which are computed GG
when the grid-point variable is known must not be added leefloe output of results. This adds
an important constraint to the parallel treatment.

In practice, one uses two arrays: one with initial variatsled variables cumulated in time up
to NSTEP- 1, and another with values &STEP and variables cumulated in time up NSTEP
(which leads to the variable d’état SETEP+1).

In short, the typical budget equation for a layeand a discretized domain

Z 5(Jk’ (4:k)

SD (j.k)eD
with
Wi
So= ). Gr)  OGm =Ty T
(j.k)ED J(k)m3 .
1 Y 1 ¢ nstep—1 )
[—Xép] (t=NSTEP x dt) — {—xép} (t=0)=4dt Z [( X(Sp) tend} (n)+
g D g D b
nstep—1 5 nstep—1 5
i i
ot > By )= > [Ap ()
n=0 n=0
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and the vertical mean budget

NFLEV )
> {—X(Sp} (t = NSTEP x t) —
=1 g D
NFLEV nstep—1 1 ¢ nstep—1
ot ;::1 ;::0 {(5)(51)) tend}p(n)—k&f( ;::0

NFLEV

>

/=1

[Fy 15

F

(n) =

)4
X 54 . (t=0)
nstep—1
> [Fy]
n=0

NFLEV
D

(n))




Chapter 4

Budget and diagnostics

This chapter presents budget equations which are the fppitapon of DDH. It gives information
about the content of output files.
4.1 Dry air mass budget

Budget equation

Oy

) . 0 .
5 = div,, (r,7) — 3_77 (ryn) + dm—m—

. dp _ (.@) 5B
0(?7377)770 0 U _ omgE.

__ ppeonv—l conv—n stra—I stra—n
o F, = Feonv=ly peonv=n | pstra=l 4 psira—n,

e 0,, = 0: masse conserved,, = 1: variable mass.

File output
1
VPPO 5 op (t=0)
1
VPP1 — 0p (t=NSTEPdt)
g
ot
TPPDI VFLUHOR —— div, (Up) cumulated
g
FPPFLUVERTDYN ot N ? cumulated
g n
FPPSUMFPL OmOtF, cumulated

31



32 CHAPTER 4. BUDGET AND DIAGNOSTICS

If x* stands for a quantity modified by the mass exchange andyftbye initial quantity, then

.Op\* (. O0p
(150), = (155)ns (B2 (R +.2) =1,
One should have at the lower limit
F;g’“ =E(1—6nq)

Furthermore

(55) =5 —ons (E+ 1)

4.2 Water mass budget

Lagrangian equation

dqy diff—h Oy, OF,
ZY _ di or _ R
gy = Tast T gy T Omdvgy
Budget equation
A(rnqy) . . 0 ) OF,
#w = —div,, (ryqy?) — o (rnqyn) + a:]w

where

® ¢y = Qu, q1 OUgp.

10
] 7'77 = _Ea_’]:]

° qu — Fcconvfl + Fcconvfn + chtrafl + chtrafn + thqur + F;waconv_
__ prconv—l stra—l __ ppeconv—Il __ ppstra—l tur tur—conv
o F, = Fem 4+ Fs F Fptra=l 4 plur 4 Rl :
__ rconv—n stra—n __ ppconv—n __ pstra—n tur tur—conv
o F,, =FS + F3 F Fgtra=n 4 flur 4 plu :

° F;}f contains the correctioanw<O of the negative water values created eventually by the
dynamics.

The tendency term due to the horizontal diffusion is misgiogn the budget equation: this dif-
fusion is done in spectral mode, the information is thus rumeasible to the DDH grid-point
diagnostics.
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File output

FQTPRECI COL
FQTPRECI CON
FQTPRECI STL
FQTPRECI STN
FQTCONDECOL
FQTCONDECON
FQTCONDESTL
FQTCONDESTN

VQVO
VQV1

TQVDI VFLUHOR

FQVFLUVERTDYN

FQVTUR
FQUVTURCONV

FQVTURQNEGAT
VQLO
vQL1

TQLDI VFLUHOR

FQLFLUVERTDYN

FQLTUR
FQLTURCONV
FQLTURQNEGAT

VQNO
VONL
TQNDI VFLUHOR

FONFLUVERTDYN

FONTUR
FQNTURCONV

FONTURQNEGAT

st
5§thra7l
(%thrafn
p
5tFCconU—l
5thcom)fn
5t chtra—l
5thstra7n

1

— quop (t=0)

g

1

p q,0p (I=NSTEP)

ot . o
—g divy, (quop )
o
(5tFtur
6th2L7‘—COT7/U
StFI<0
1
— q0p (t=0)

g

1
5 q0p (I=ENSTEP)

ot . L
—g div,, (q;0p V)
ot . Op
—qn 5=
g = on

t
6tF Z:—COTZU
StE!
StFI<0
1
— ¢, 0p (t=0)
g

1
5 Gn0p (tI=NSTEP)

— ﬁ divy, (gnép V)
g

ot o
g " on
(5tFtur
6th7’Lll,7‘—COTZ’U
StFI=0

cumulated
cumulated
cumulated
cumulated

cumulatedlL HDQLN=.
cumulatedL HDQLN=.
cumulatedL HDQLN=.
cumulatedL HDQLN=.

cumulated

cumulated

cumulated
cumulated
cumulated

if LHDQLN=.
ifLHDQLN=.
cumulatedL HDQLN=.

cumulatedL HDQLN=.

cumulatedL HDQL N=.
cumulatedL HDQLN=.
cumulatedL HDQLN=.

if LHDQLN=.
ifLHDQLN=.
cumulatedL HDQLN=.

cumulatedL HDQLN=.

cumulatedL HDQL N=.
cumulatedL HDQLN=.
cumulatedL HDQLN=.

33

TRUE.
TRUE.
TRUE.
TRUE.

TRUE.

TRUE.

TRUE.

TRUE.

TRUE.
TRUE.
TRUE.

TRUE.

TRUE.

TRUE.

TRUE.

TRUE.
TRUE.
TRUE.
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4.3 Momentum budget

Budget equation

o (1op N\ 1 1. op _, 0 ,8p>] 10p/, =N, 10p .-

ot (g on v) Ty {dwn (8nv> " an (?7077 g on <v V) Ty Tl

10p /= - OF, 7 0 /= — - -

e P TV 1 — O p” 7 (ptur 4 ptur—conv Frel [meso

gan(v +RTVlnp) -0 o 8?7(”+” + Fyel 4 Frese)

wheretv = (u, v) represents the real wind projected in the local geograpbicdinates ¢ positive
towards the East; positive towards the North) and

e F!uis the turbulent flux,
o Flur—conv js the convective transport,
° ﬁ;el is the momentum flux due to gravity wave drag.

In the model (*/, v*') are expressed on the transformed sphere. One must, theergfoback
to the real wind (from transformed sphere to real sphere; thedification by the scale factor)
before making a rotation, given by

.

cosa —sino

™y

()

sin av CoS «v

St

where €, i) stands for the local geographical vectors. IRFEGEcosa  GNORDM sin
GNORDL. Likewise for gradients.

Pressure force: the value written on file is

1 - - -
_Lop fEx T+ vq>+RTv1np}
g on

File output

All wind components (variables, fluxes, tendencies) aratinad to the true geographical sphere.

1
VUUO p udp (t=0)
VWO E vop (t=0)
g
1
VUUL ; udp (t=ENSTEPSL)
1
VW1 = vép (t=NSTEPS?)
g
ot
TUUDI VFLUHOR —— udiv,, (6p0) cumulated
g
ot
TVVDI VFLUHOR 5 div,, (dpv) cumulated

The wind tendency due to advection of wind by itself is migsin
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TUUFFVGADPSG

TVWWFFUGADPSG

FUUFLUVERTDYN

FVWFLUVERTDYN

FUUFLUDUAPLUI
FVVFLUDUAPLUI

FUUTUR
FWTUR
FUUTURCONV
FVWTURCONV
FUUONDEGREL
FVVONDEGREL
FUUMESO
FVWMESO

ox

6t<i vop —6—p(aq)+RT
9 Y

(Lo (3

5t 8p

o
(5t . Op
g "on
0tbm Fpu
0t0p, Fpv

5t ELur
StEbur
(5tFturfconv
(5tF1zur—conv
v
StETe
StETe!
St Fmeso
5tF7¢neso
v

4.4 Kinetic energy budget

Budget equation

0d

y

RT

Jdlnp
ox

))

0

)

cumulated

cumulated

cumulated

cumulated

cumulated
cumulated

cumulated
cumulated
cumulated
cumulated
cumulated
cumulated
cumulated
cumulated
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8( 8p) ( 8p> 1 0 ( ,8p> 10p |, =
Z (=K k div == | ——7-v-Vk
ot \g dn "\"on) g \"on) " gon
1 ap aka o 0 tur tur—conv rrel [meso
_58—U<V<I>+RTV1np) T 8—U(Fv + + Fyel 4 Frese)

The work due to pressure gradient force is precisely knowh A@GRAD. However, the ad-
vection term cannot be diagnosed at initial time.

File output
VKKO E kép (t=0)
g
VKK1 é kop (t=NSTEPS?)

TKKDI VFLUHOR

TKKCONVERSI 1

FKKFLUVERTDYN

FKKFLUDUAPLUI
TKKDI SSI PTUR
TKKDI SSI PCONV
TKKDI SSI PGREL

—% k div,, (6pv)

_ 9 s (6@ + RTﬁlnp)
g

ot k: 8p

Ton
5t6m kF,
— 6t OF
_StT 5F’5ur7conv
—6tTSFT!

cumulated (the advection term is miss

cumulated

cumulated

cumulated
cumulated
cumulated
cumulated
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TKKDI SSI PMESO — 6t S ETes° cumulated

4.5 Enthalpy budget

Two types of enthapy equations used iRPEGE the DDH use the budget type (4.3), tiPTEND
routine uses the eulerien type/in(4.2). The corresponding lagrangian equatiofl’iis given for
information in (4.1).

Lagrangian equation in T’

dT w  OF, OF!
— =rypRT— + — — Ly~ (T C — Lysn(T
TnCp dt n P + on >1( )377 >n(T)

oF™
on

+F,fa% {1 [er—cp,(1=0m)] } +F;‘(% {T [en—cpa(1=0m)] }

8(FL§Z)J‘T +F‘§:.'r‘—conv) a(Ftur +Ftur—co7w) a(Ftur +F‘§:r—conv)

_ a1 a _ an
on + (a Cpa) on + (en Cpa) on

=T | (ep, — cpg)

u? + v?

8(@ + ) 8ﬁ5hys

on - on

+0m Fp (4.1)

Eulerian equationin h = ¢, 7 + ® + _uQ;vz

oh I .Oh w
gy = " (v . V) h — 7“7,778—77 —I—TURTE

0
+a—n {Fh + Fpp + FéT (o — Cpo(1— om)] + T [cn — Cpa(1— om) ] — (5mcpTFp}

+om F on

"o (4.2)

One assume%% =0.

Budget equation

0 ) L0 ) w
5 (rpepT) = — divy, (rye,T0) — 8_77 (rpepTn) + TnRTE

9 n
+8—?7 {Fh+th+F]§T (e = Cpo(L=0m) | + FJ'T [ —cp, (1 —6m)]}

u? + v?
(P + 5 ) B 81321}?@8
an v on

(4.3)
where

10
[ ] 7"77 = _58%

° Fh — F}fOl _|_F;iher 4 F;Z?’Leso 4 Fstur _|_Fstur7conv.
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o Flur—conv ig the subgrid-scale transport of dry static enesgy- ¢,7" + @, due to deep
convection.

_ 1l n
[ ] th — th+th
| __ prconv—l stra—I
o Fl, =Fgom! 4 it

n __ conv—n stra—mnm
o Iy = Fpomv=m 4 Fyire,

* Ff(igm_l =— [Ly=i(T) + (¢ — ch)T} Fccomz—l'
* Fﬁ;nvin = — [Lysn(T) + (¢ — Cp’U)T] Feonv—n,
* Fif;m_l = — [Ly=i(T) + (a — ¢,)T ] F5tro—t,
° F}f;m—n = — [Lysn(T) + (cn — cpv)T} Fstra—n,

e Fp°l et Fiher are the solar and infra-red fluxes.
o hvs | Eour | e el =
° Fl]; ys — FvuT + FvuT conv + F’Z‘E + FZTZESO'

® Cp = Cpyda + Cpy Qv + aqr + cngn.

File output
1
VCTO 5 ¢, Top (1=0)
1
VCT1 = ¢,Tdp (t= NSTEPé?)
g
TCTDI VFLUHOR — % divy, (¢ TopT) cumulated
ot
TCTCONVERSI 2 ” RTp(w/p) cumulated
TCTCONVERSI 3 — 0 0t F 0P cumulated
ot
FCTFLUVERTDYN —cp'n ? cumulated
g n
FCTTUR 5t Fur cumulated
FCTTURCONV §t Flur—conv cumulated
FCTRAYSOL1 5t Fpol cumulated
FCTRAYTERL S5t Fiher cumulated
FCTMESO ot Fyrese cumulated
FCTPRECI STL —ot Fptre! cumulated
FCTPRECI STN —0t Fpr " cumulated
FCTPRECI COL —ot Fom! cumulated
FCTPRECI CON ot Fyom cumulated
FCTPRECCSCOL —5t FSo T [ — ¢ (1= 61n) ] cumulated
FCTPRECCSCON —5t FSo T [ ey — e, (1= 6m) | cumulated
FCTPRECCSSTL —5t F3tra=lT [ — ¢, (1 = 0) ] cumulated
FCTPRECCSSTN =0t ES T [ e — ¢, (1 = 0) | cumulated
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4.6 Angular momentum budget

The angular momentum is defined by

—

M =7x (Qx7+7D)

wherer” stands for the position vectarthe horizontal wind an the Earth pulsation. In Cartesian
coordinate, the kinetic moment reads

M = Myi+ Myj+ Msk
= (avsin X — a(u+ aQ cos 0) sinf cos \) 7
+(—avcos A — a(u + aQcos §) sinfsin \) J
+a(u + aQ cos 0) cos 0 k

with

e (i, j, k): k along the earth rotation axiget j in the equatorial plane. This base does not
rotate with the earth: the position of the Greenwich merichh00 UTC on the day of the
beginning of the integration of the model séts; is got by an equatorial rotation &°
towards the East of and ofk = i x j.

e y andwv zonal and meridional wind.
e ¢ earth radius.

e # and) latitude and longitude.

Budget equation

’ 1 1| di U, 0 ) 7. M - 0F -
En (rnM) = -M [dlvn(rnva)—i-a—n(rnn)] — (’UQ-V)M + 5mM@—r,7 b
avec
0
° rn__é_g

® Fv — Fgur _|_F17]tur—conv 4 FJBI

File output

VA10 % M, (t=0)

VA20 % M, (t=0)

VA30 % M; (t=0)

VALl %P M, (t=NSTEP6?)
VA21 %P M, (t=NSTEP6t)

VA31 %P M; (t=NSTEP6?)
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TA1Dl VFLUHOR
TA2Dl VFLUHOR

TA3DI VFLUHOR

FA1LFLUVERTDYN
FA2FLUVERTDYN
FA3FLUVERTDYN

TA1ADJUST

TA2ADIUST

TA3ADJUST
TALNONAX
TAZNONAX

FAL1GRAV

FA2 GRAV

FA3GRAV
FALFLUDUAPLUI
FA2 FLUDUAPLUI
FA3FLUDUAPLUI
TAL1TUR
TA2TUR
TA3TUR
TALITURCONV
TA2TURCONV
TA3TURCONV

TA1ONDEGREL
TA2ONDEGREL
TA3ONDEGREL

—%Ml [len (U6p) —i—anosH(SBgﬁ}
—2 My [ div, () + S cos 0 6B 9T |

—2 My [ div, () + S cos 0 6B 9T |

0t My
5t My
5_17 .
ot g MgT]
%a [— <5p85;yT + RTéB%—) sin(A + Qt)
+ ((5p8§2T + RTOB 8@) cos(A + Qt) sin 6]
Bol— (6 %fﬂ + RT6B %y) cos(\ + Q)
(@Qf + RTaB%q’) n(\ + Qt) sin ]

tg (@% + RT&B?)—‘}E’) cos 6
5t%’a2§22 sin 0 cos 0 sin(\ + Qt)

5t%pa2§22 sin 0 cos 0 cos(A + Q)

—%pa {sin 0 cos(A + Qt) g@ + sin(\ + Qt)

SIS

g [sin 0sin(A + Q) G2 + cos(A + Q1)

Ip Jokii}
5 oS 05— o

5t 6, Fy M
5t 60 F,y My

5t 6 F, M

Sta [FM sin(\+ Qt) — F*" sin§ cos(A + Qt) |
Sta [FM cos(A+ Qt) — F* sin @ sin(\ + Qt) |
Sta F*" cos @

39

cumulated
cumulated
cumulated
cumulated

cumulated

cumulated

cumulated

cumulated

cumulated
cumulated

cumulated

cumulated

cumulated

cumulated
cumulated
cumulated
cumulated
cumulated
cumulated
cumulated

Sta [FMr=convsin(\ + Qt) — F/U" =" gin § cos(A + €umplated
Sta [Fr=conv cog(X 4 Qt) — FLur—convgin §sin(\ + €uulated

5t a Fur=conv cos

dta [Fgel sin(A + Qt) — Fr¢ sin  cos(\ + Qt)}
dta [F[el cos(A + Qt) — Fresin 0 sin(\ + Qt)}
Sta Fre cosf

cumulated
cumulated
cumulated

cumulated
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Listing output

When an output on listing is requested,what is printed idrtersection position oM with the
earth surface, in latitude and in longitude values:

Ms
VM2 + M3+ M3
My

cosby =
cos(Xo + Q) =

4.7 Entropy budget

Budget equation

aat (Tﬁ s) = — div,, (Tnsv) 8677 (T‘WST'])—F% [Sl (F;mw_l + F;tra—l) + 5 (F;):onv—n + F;tra—n)}

1.
T aa (Ftur 4 Ftur conv Frel) (SU — Sa+ Cpv — Cpa)aan(F(;ur 4 thurfconv)
OF, 1 or 1 _ 0%
l her r -
B BT 4 B L) — (1) {a_n * f%a—fp} Tomp e g,
where
0

* = —ﬁag
® 5=5,+ (5, — 54)qu

® 5, =CpgIn (Tl) R, ln( ) + + 80,

e 5, =cyln( )—i—sl.

SR S

o 5,=cgln(% )+s .

o s0=6775Jkg 1K1
e 50 =10320Jkg 'K
o s =3517Jkg 1K1
o 50 =2296Jkg K.

The horizontal divergence term is computed as

divy, (rysv) = sdivy, (1,0) + 1,0 - Vs

o 7-Vs= (sv—sa)ﬁ-ﬁqv—l—@'- {cpﬁlnT—Rﬁlnp} .

° U~Vlnp:RTGR77'67T.
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File output
VSS0 és&p (t=0)
VSS1 1s6p (t=NSTEPA()
TSSDI VFLUHOR —%{ s div,, (#p)

+6p[(s0 — $4)7 - Vo

—I—%cp@" vT

—RZRTGR# - Vr]} cumulated
TSSPRECI CT 5t(1 — m)[8a0F), + cp, Fp oL

— im0t 7 F6® cumulated
FSSFLUVERTDYN %sﬁép cumulated
FSSPRECI SS Stlsy(F5omv=t 4 Fstra=l) 4 s (F5omv=m 4 Fstra=m)] - cumulated
TSSDI SSI PTUR Stg. gFtur cumulated
TSSDI SSI PCONWV Sty §Rtur—con cumulated
TSSDI SSI PGREL Sty §FTel cumulated
TSSTURQVTOT St(Sy — Sa + Cp,, — Cpy ) (SFLUT + GFLur—conv) cumulated
TSSRAY1 — (5 Fpel 4 Fpher) cumulated
TSSTURCTTOT —AL(§Ffur 4 piur—conv) cumulated
4.8 Potential energy budget
Budget equation

10p /= - w F,70p 1 . dp
—— 29 (V®+RTVinp) = — RT [—+5m—p] — — — div (q>—v>
g ( ) gp plaog g "\ Oy
10 dp .O0p > ]
— == | ® (= 49— +ngF
g n [ <8t+n3n+ 97

File output

Three of these budget terms have already been mentionedkisetic energy budgetet «enthalpy
budget. Is added

1
VEPO ~ ®6p (t=0)
g
1
VEP1 ~ ®dp (t=NSTEPS?)
g
TEPDI VFLUHOR o div, (®opv) cumulated
g
5 J4
t . ﬁ
FEPCONVERSI FL — —®; > divy (6p7) cumulated

k=1
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4.9 Surface budgets

The DDH tool does not produce a closed soil budget, ratheressunface fluxes or variables
multiplied by land/sea madRl TM(1 on land, O at sea). The surface occupied by these points in
each domain will also be computed. This operation makesssipe, to bring back the variable
mean and the mean of fluxes to the sole surface of the corginent

Budget equation

e Surface temperature:

OcmsT.

gz = (5terre {Fhsid + thiher + Lv(Ts)El + Ln(Ts)En + cha - chp - LfonteFfonte}
wherec,,; is the surfacic calorific capacity of the surface layer. Astant value is used
here:1/HSOL.

° Deep temperature:
T,
g; L= (5terrchsp

wherec,,), is the surfacic calorific capacity of the deep layer. A constalue is used here:
RTI NER/HSCL.

e Surface water content:

ow _ _

e Deep water content:
ow,
W = 5terre {Fperco - Fruisp}

e Surface snow content:

dwn

ot = 6neige(5terre {F];:onv—n + F;tra—n + En - Ffonte}

File output
The fields are written on 3 file articles:

e Variables at = 0: articleS_VO

1 .
— > PITMo;; Land fraction

D (jk)eD
CmsTs Surface layer: energy
cmpTp Deep layer: energy
Wi Surface layer: water content (surfacic mass)
Wy Surface layer: snow content (surfacic mass)
wp Deep layer: water content (surfacic mass)

e Variables at = NSTFEP x dt: articleS_V1
The same articles as above.
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e Flux cumulated from 0 to NSTEP: artict® FVRAC

F3 Solar radiation
Fyther Infra-red radiation
L,(Ts)E; Latent heat (water)

L, (Ts)E, Latent heat (snow)
Fegq Sensible heat at surface
Fesp Sensible heat between surface and deep layer

Ltonte Fronte  Surface flux due to melting Flux de chaleur en surface lié aréef de neige

F;tm*l Precipitation: resolved, rain
Egtra=n Precipitation: resolved, snow
ch"””—l Precipitation: subgrid-scale, rain
Fgememn Precipitation: subgrid-scale, snow
E) Surface evaporation (water)

E, Surface evaporation (snow)

Foerco Percolation from surface to deep
Fronte Snow melting

Frviss Surface run-off

Frvisp Deep run-off

4.10 Instantaneous diagnostics

4.10.1 Relative humidity

VHRO 4 H:6p (t=0)
VHRL L H,6p (t=NSTEP6?)

4.10.2 Cloudiness

VNTO ént op (t=0)
VNT1 éntép (t=NSTEP6?)
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4.10.3 \Vertical velocity
VOVD éwép (t=0)
VOoviL éwép (t=NSTEP4t)

4.10.4 Passive variables

The passive variables are diagnosddHDHKS is true and ilNFPASS (number of passive variables
in the model) is higher or equal to 1.

Vxx0 évmép (t=0)
Vxx1 é’umép (t=NSTEP4t)

wherexz is betweenl andNFPASS.

4.11 Cumulated mass

To make possible future conversion of tendencies and fluxeerfsive) in intensive values, the
following value is diagnosed:

PPP édt(Sp cumulated



Chapter 5

Budgets,AROME model

5.1 Microphysical process

In AROME physical parameterizations from MesoNH are usetie Greatest difference com-

pared to parameterizations used in ALADIN appears in migysges. Microphysical processes in

AROME with corresponding tendencies/fluxes are given itet&hl. Each column belongs to one
microphysical species; tendencies/fluxes written in itngfeaits species amount. The last column
shows tendencies/fluxes that change enthalpy due to migsath processes. On output from

MesoNH subroutines, only tendencies are available, byt @ine converted into fluxes at a later
stage if LBUFLUX is .TRUE..

45
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Microphysical process vapour cloud| rain | cloud snow| graupelenthalp
wa- ice
ter
water vapour adjustment I Fydery Frdert
heterogeneous nucleatiof F <" Ehen Flenue
homogeneous nucleatior Fhon Fhon Flont
i sfrz sfr sfr
spontaneous freezing ) F; gf F;
deposition on snow Fleps Fer Fleps
collection of ice on snow Fg99 | F99
auto-conversion of ice tq Fgutop proutor
snow
iti depg de depg
deposition on graupel Fy Fy? | F,
auto-conversion of cloud Fgutor) rautor
water
accretion Fgeer | Fgeer
H H reva Teva,
rain evaporation 7 Fy Fyeva
imi rim rim rim Tim
riming by cloud droplets Fy Fpm L Ey Fy
collection of raindrops Fpees Faces| Faces | Fjees
T gs dg
melting of aggregates Fyme F;;”ez
; cfrz| cfrz cfrz cfrz
contact freezing FJ™ Fy FiITE |,
wetg wet( wetg wet( wetg wetg
wet growth Fy Fe9 F9 Fe9 FyY F,
dryg dryg| dryg| dryg| dryg dryg
dry growth Fy, Fyrod B9 BTV B F,
i mlt mit mltg
melting of graupel F Fr9 1 Fy,
i H mlti mlti mlti
melting of cloud ice Fy Fy E}
Bergeron-Findeisen effeqt Flerfi Flerft Ferdi

Table 5.1: Microphysical fluxes.




5.2. BALANCE EQUATIONS

5.2 Balance equations

5.2.1 Momentum

FUUTUR F!"  vertical turbulence flux of u velocity component
FVVTUR F!“"  vertical turbulence flux of v velocity component

FVWTUR F!*“  vertical turbulence flux of u velocity component

5.2.2 Turbulence kinetic energy

FTETURB F/ir turbulent flux of turbulent kinetic energy
FTEDYPRO [/ ~Prod=dun dynamic production of turbulent kinetic energy
FTETERMPRO F/}~Pred=term  thermic production of turbulent kinetic energy

FTEDISS ﬂtg*diss dissipation of turbulent kinetic energy

a7
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5.2.3 Enthalpy

FCTNEGC1 F,’]egd correction of negative specific ratios after advection
FCTCDEPI F,fdepi adjustment of water vapour, cloud water and cloud ice
FCTVCONV  Fyom convection flux of enthalpy
FCTVTURB  Fjur vertical turbulent flux of enthalpy
FCTDISSTUR F,ﬁ“’“‘diss dissipation of turbulent kinetic energy
FCTNEGC F;° correction of negative specific ratios after turbulence

FCTHENU| [fpenuw heterogeneous nucleation of ice

FCTHON F}iont homogeneous nucleation of ice
FCTSFR F3/" spontaneous freezing
FCTDEPS F/* deposition on snow

FCTDEPG F,fePg deposition on graupel

FCTREVA [y rain evaporation
FCTRIM Fjm riming by cloud droplets
FCTACCS Fje~ collection of raindrops and snow on graupel

FCTCFRz Fi/™ contact freezing of rain
FCTWETG F"Y wet growth of graupel
FCTDRYG F"¥9 dry growth of graupel
FCTMLTG "% melting of graupel

FCTMLTI Fjnite melting of cloud ice
FCTBERFI F,/"  Bergeron-Findeisen effect

FCTRAYSOL1 F;™*“''  solar radiation
FCTRAYTERL F;*""  earth radiation
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5.2.4 Water vapour

FQVNEGC1 ngfgd correction of negative specific ratios after advection
FQVDEPI F;ffpi adjustment of water vapour, cloud water and cloud ice
FQVVCONV  Fgomv convection flux of water vapour
FQVVTURB F!“"  vertical turbulent flux of water vapour
FQVNEGC Fp“9¢  correction of negative specific ratios after turbulence
FQVHENUI qujf"“ heterogeneous nucleation of ice
FQVDEPS Fgs  deposition on snow
FQVDEPG Fg¢  deposition on groupel
FQVREVA F7¢¥®  rain evaporation

5.2.5 Cloud water

FQLNEGC1 Fgegd correction of negative specific ratios after advection
FQLCDEPI Fqcldef”' adjustment of water vapour, cloud water and cloud ice
FQLVCONV  Fyem  convection flux of cloud water
FQLVTURB F;}““ vertical turbulent flux of cloud water
FQLNEGC Fj“9¢  correction of negative specific ratios after turbulence
FQLHON Fq’;"” homogeneous nucleation of ice
FQLAUTO th“to’” auto-conversion of cloud water
FQLACCR Fy "  accretion of cloud wter on rain
FQLRIMS F;"™  riming by cloud droplets
FQLWETG F*"  wet growth of graupel
FQLDRYG Fgrvs  dry growth of graupel
FQLMLTI F"#  melting of cloud ice
FQLBERFI F/r/" Bergeron-Findeisen effect
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5.2.6 Rain

FQRNEGC Fj/<9¢  correction of negative specific ratios after advection

FQRSEDI F,, sedimentation

FQRSFR F;Tf’”z spontaneous freezing of rain

FQRAUTO F;T“t‘” auto-conversion of cloud water
FQRACCL Fge  accretion of cloud wter on rain
FQRREVA [ **  rain evaporation

FQRACCS Fpe  collection of raindrops on graupel
FQRCFRZ F;f "#  contact freezing of rain
FQRWETG F2 9  wet growth of graupel
FQRDRYG Fdve  dry growth of graupel
FQRMLTG F;"%  melting of graupel

5.2.7 Cloudice

FQINEGC1 Fq:%egd correction of negative specific ratios after advection
FQICDEPI F;idel’i adjustment of water vapour, cloud water and cloud ice
FQICONV Fge™  convection flux of cloud ice
FQITURB F/*" vertical turbulent flux of cloud ice
FQINEGC Fj ¢  correction of negative specific ratios after turbulence

FQISEDI F; sedimentation
FQIHENU thf"“ heterogeneous nucleation of ice

FQIHON Fq’:"” homogeneous nucleation of ice
FQIAGGS  Fg99 collection of ice on snow
FQIAUTS F;Z_“t“ auto-conversion of ice to snow
FQICFRZ Fqcif " contact freezing of rain
FQIWETG F*"9  wet growth of graupel
FQIDRYG F/%  dry growth of graupel

FQIMLT Fm#  melting of cloud ice
FQIBERFI F//i Bergeron-Findeisen effect
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5.2.8 Snow

FQSNEGC Fiese
FQSSEDI F,,
FQSDEPS Fder
FQSAGGS Fu99
FQSAUTS Fautoi
FQSRIM FJim
FQSACC Fees
FQSCMEL Fgme
FQSWETG Fpets
FQSDRYG F/rvs

5.2.9 Graupel

FQGNEGC Feo°
FQGSEDI F,,
FQGSFR F;/"

FQGDEPG Fj?
FQGRIM F}im
FQGACC Fjees

FQGCMEL Fgme!
FQGCFRZ F;/=
FQGWETG Fets
FQGDRYG Fgrv
FQGMLT  Fymite

correction of negative specific ratios after advection
sedimentation

deposition on snow

collection of ice on snow

auto-conversion of ice to snow

riming by cloud droplets

collection of raindrops and snow on graupel
melting of aggregates

wet growth of graupel

dry growth of graupel

correction of negative specific ratios after advection
sedimentation

spontaneous freezing

deposition on gropel

riming by cloud droplets

collection of raindrops and snow on graupel

melting of aggregates
contact freezing of rain
wet growth of graupel
dry growth of graupel

melting of graupel
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5.3 Common Dynamics-Physics Interface CDPI

FQVPL1 P/  Pseudo flux due to condensation
FQVPI1 P/ Pseudo flux due to sublimation
FQLPL2 P/ Pseudo flux due to evaporation of rain
FQIPI2 P/ Pseudo flux due to conversion of cloud ice to snow and graopel
FQRPL3 P/ Pseudo flux due to evapotarion of rain
FQSPI3 P!” Pseudo flux due to deposition on snow and groupel

FQGPG3 P! Pseudo flux due to deposition on snow and groupel
g

FQRPRO P. Flux of falling rain drops

FQIPIO P,  Flux of falling cloud ice
FQSPSO P, Flux of falling snow
FQGPGO P, Flux of falling groupel



Chapter 6

Software maintenance

In this chapter, one will find a short description of DDH rows, and the organization of arrays.
In a very practical manner, is described the necessary tipesawhen adding a supplementary
field.

6.1 Main arrays and their organization

The main arrays are in two modules:
e YOMIDDH for arrays receiving variables and cumulated tendencidslares.

e YOVVDDH pour the other arrays, except logical variables which anréGivL DDH.

6.1.1 Arrays describing domains

The distribution of grid-point points in the user's domaisgside NDDHL A( NDLON, NDGQL)
for zonal bands, NDDHPU( NDLON, NDGL, NDHNPU)  for limited domains and isolated
points.

e NDHNPU: number of planes used by the user.
e NDDHI ( NDLON, NDGL) for the domain distribution,
e HDSF ( NDLON, NDGL) for the weightsy; ;. of each grid-point.

For each {lon, jgl) point of the Gauss grid, withilNDDHI , one will find the index of the
external domain. It varies between 1 axioHl DH.

e Global domain: NDHI DH = 1 every points belong to domain 1.

e Zonal bands: NDH DH = NDHKD

e Limited areasNDHI DHdepends very much on declaration details and is very ungisdale.
The following tables allow to reconstitute the user’s damsaising internal domains.

e NLRDDH( NDHDDX, NDHKD) : integers contained in NLRDDH, frorNLRDDH( 1, JKD)
to NLRDDH( NLXDDH( JKD) , JKD) , are the internal domains whose reunion makes the
latitude bandl KD,

53
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e HDSFLA( NDHKD) : weight of each latitude band.

e NURDDH( NDHDDX, 0: NDHBPX, NDHNPU) : integers fromNURDDH( 1, JDOM JMASK)
to NURDDH( NUXDDH( JDOM JMASK) , JDOM| JMASK) are the domains whose reunion
makes the user domai{nJ MASK, JDOM . JMASK is the index of the virtual planel, <
JMASK < NDHNPU, andJDOMis the index of the domain within the plane: < JDOM
< NDHBPU( JMASK) . Points not assigned by users belong to the domain 0.

e HDSFDU( 0: NDHBPX, NDHNPU) : Weight of each user’'s domain.

The weight of the global domain K4DSFG_, from MODULE/ YOM DDH/ .

6.1.2 Data arrays

Pointers contained withiMODULE/ DDHDI M and/ DDHPON/  from YOMVDDH identify the con-

tent of these tables. These tables BRCVO( 0: NFLEV, NDHCV, NDHI DH, NDHTSK) alias

HDCVBO( NDHCV+ ( NFLEV+1) , NDHI DH, NDHT SK) : arrays at time 0 and tendencies/fluxes cu-

mulated from 0 tdNSTEP- 1.

HDCV1( 0: NFLEV, NDHCV, NDHI DH, NDHTSK) aliasHDCVB1( NDHCV* ( NFLEV+1) , NDHI DH, NDHTSK) :
variables at timéNSTEP and tendencies/fluxes cumulated from IN®T EP.

HDCSO( NDHCS, NDHI DH, NDHT SK) : soil variables at time 0 and cumulated fluxes from 0 to

NSTEP- 1.

HDCS1( NDHCS, NDHI DH, NDHT SK) : soil variables at timeéNSTEP and cumulated fluxes from

0 toNSTEP.

e NDHI DH: number of internal domains.
e NDHTSK: number of tasks.
e NDHCV: total number of vertical profiles.

e NDHCS: total number of surface fields.

All vertical profiles are defined oNFLEV+1 words. GeneralyHDCV( 0, fi el d , domai n
, task) =0. Before describing these arrays, a few wordslagical pointers They are of two

kinds

e Permanent pointers who, for each scientific options, shomuteber of fields of each cat-
egories. For the moment, the options alDHKS, LHDMCI andLHDENT. Categories are
composed of variables, tendencies/dynamical fluxes, temel®physical fluxes (i.e. for the
moment there is no distinction between tendency and flux).

e situation pointers which depend on chosen options for angix@eriment.

Permanent pointers are initializedSUNDDH. Every counted field corresponds to specific compu-
tation FORTRAN code lines i€PDYDDH and CPPHDDH, and to writing lines or other editions in
PPEDDHandPPFI DH. A corresponding commentary is in the general nomenclaitivé® M DDH.
Situation pointers are also initialized 8IUNDDH from permanent pointers and from logical op-

tions given byNAMDDH. They control global lengths iGPG, POSDDH andPPSYDH where fields
are undifferentiated.

Permanent pointers are
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e NDHVHK: number of variables und&HDHKS

e NDHFHKD: number of fluxes/tendencies undgfDHKS

NDHFHKP: number of fluxes/tendencies undgiDHKS

e NDHTHK = NDHVHK+NDHFHKD+NDHFHKP
In the same way, for the optidotHDMCI
e NDHVMC

e NDHFMCD

o NDHFMCP

e NDHTMC

For the optionL HDENT

e NDHVEN

e NDHFEND

o NDHFENP

Soil (underL HDHKS)

e NDHVS

e NDHFSD

e NDHFSP

(The total number iSNDHCS).

Vertical profiles are splitted into categories
NDHFxxD = NDHAxxD + NDHBxxD
NDHFxxP = NDHAxxP + NDHBxxP

where (A) stands for tendencies and (B) for dynamical fluxes.
Situation pointers are

e NDHVV: number of variables in vertical profiles
e NDHFVD: number of fluxes/dynamical tendencresNDHAVD+NDHBVD

e NDHFVP: number of fluxes/physical tendencres NDHAVP+NDHBVP

The organisation is as follow

55
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Champs each field hadlFLEV+1 levels
1
instantaneous values variables
NDHVV
NDHVV+1

Uy

NDHAVD | dynamical tendencie

NDHBVD | dynamical fluxes

NDHVV+NDHFVD | cumulated values

NDHVV+NDHFVD+1

NDHAVP | physical fluxes

NDHBVP | physical tendencies

NDHCV

For every categories (variables, dynamical tendency, myee flux, etc) one may find fields
linked to LHDHKS (eventually) then those afHDMCI (eventually) then those afHDENT (even-
tually). Soil arrays work on the same principle. Fields frarto NDHVV+NDHFVD are computed
inCPDYDDH. Fields fromNDHVV+NDHFVD+1 to NDHCV are computed il€PPHDDH.

6.1.3 Main local arrays

Arrays used as liaison between computations in each griat poid partial means in the one side
and the overall table, the link between partial means andubuin the other side, go into this
category.

6.1.3.1 Arrays for computations at each grid point

ZDHCV( KPROVA, 0: NFLEV, NDHCVSU) aliasPDHCV( KPROVA, NDHCVSU+ ( NFLEV+1) ) fields
in vertical profiles inCPG. Alias used inCPCUDDH
ZDHCS( KPROVA, NDHCSSU) soil fields.

e KPROVA: maximun number of points in the horizontal, by grid poinkias

max( 1, NDHCV)
max( 1, NDHCS)

e NDHCVSU
e NDHCSSU
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- - - SU lengths ensure that dRPEGEIs properly working even iNDHCV=0 or NDHCS=0
(case(s) wher®DH diagnostics are not activated).

6.1.3.2 Arrays for synthesis over a user domain

ZDHCV( 0: NFLEV, NDHCVSU+NDHVV) aliasPDHCV( ( NDHCVSU+NDHWV) * ( NFLEV+1) ) fields
in vertical profiles. Alias used iIRPSYDH.
ZDHCS( NDHCSSU+NDHVS) soil fields.

In this table, only one domain is present at a given time. drgmnized as follow

Field
1
variables at
NDHVV
NDHVV+1 tendencies then fluxes

dynamical, cumulated

NDHVV+NDHFVD from O to NSTEP- 1

NDHVV+NDHFVD+1 | fluxes, then tendencies

dynamical, cumulated

NDHCV from O to NSTEP- 1

NDHCV+1

variables at=NSTEP* TSTEP

NDHCV+NDHVV

ZDHCV array structure.

6.2 Organization of the main functions

An inventory of the mainDDH sub programmes and their calling tree is presented here. The
following conventions are assumed:

e (—) name of the sub programme between parenthesis: sulgonoge whose main function
is not to compute diagnostics; generally speaking, subrarome ARPEGEalready existing.

o Multitask sub programme.

. specificDDH sub programme in which all fields are undifferentiated

o specificDDH sub programme in which every field is specified.
(SUOYOWR) , O level initialisations calling

e ( SULUN) , initialisation of numbers of file logical units.
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e ( SUCTO) , initialisation of parameters of output frequencies.

e SUNDDH, initialisation of permanent logical as well as other défaalues. ReadNAMDDH.
Deduce dimensions (exceldDHI DHandNDHT SK) and logicals.

e ( SUALLO), allocate global arrays.
( SUOYQOMWB) , initialisations from O level, calls
e ( SULEG) , computation of Gauss weight(k).
e ( SUGEML) , geographical coordinates computatidn;, 1,) in each point.

e SUMDDH, verification and set up of domain declarations (frB®PEDDH to FNODDH). Dis-
tribution of users domains in internal domains, computatid the number of internal do-
mainsNDHI DH. Computation of weights of interest for horizontal mearB%F, HDSFGL,
HDSFLA, etc...). Print of computed masks values, by caliti®) MDDH.

e ( SUOPH) , generic name of DDH filesQFNDDH from MODULE / YOMOPC/ ).

e ( SUSC2) , computation of the number of logical taskSDHTSK = NSLBR - NDGSA
+ 1.

e SUALTDH, allocate global arrays (MODULEYOMIDDH/ ). Initialise these td.

(CNT1), level 1 of the model, callsU1YQM initialization of output overcontrolN1DHP and
N1DHF (MODULE / YOMCT1/).

( CNT4) , management of the temporal loop, c4II8ONI O) , determination of output time steps
(I DHFTS, | DHPTS).

( STEPO), control of the integration at the lowest level, calls

e ( SCAN2H) , initialization of the input-output scheme, callERODDH, transfer of fluxes/tendencies
cumulated in time frontHDCVB1 to HDCVBO and zeroing of the part $iDCS1 andHDCVB1
tables which will receive the cumulated in the horizontalafiables at the current time.

e (SCAN2M [m], multi task interface of grid point computations, callBG[m], grid point
computation:

— Declaration of local arrays DDHI andZDHSF (resp. for the domains distribution and
for the points weight).

— Declaration ofZDHCV et ZDHCS (fields resp. for 3D and 2D cumulated).
— Interface fromNDDHI andHDSF to | DDHI andZDHSF.

— Call to CPDYDDH [m] , computation in every points of diagnosed atmospheric
variables §p, ¢op, C,Tdp, etc...), of tendencies and of adiabatic fluxes, and pa@ssibl
call to CPVRDH (if the verification option is activated).

— Call to CPPHDDH[m]| , computation in every points of fluxes and of tendencies
du to physical parametrizations, soil computation, andides call toCPVRDH (if the
verification option is activated).

— Call to CPCUDDH [m] [tci], partial horizontal mean of variables, storedHBCVB1
andHDCVBO if NSTEP=0, if NSTEP different fromNSTOP temporal integration and
partial horizontal mean of fluxes/tendenciesHiDCVBL.
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e POSDDH, output management, converts computation of internal dmniato users do-
mains, and gives the results on a file or listing.

— PPVFDH, edition of verifications on a point.

— PPSYDH , final horizontal means for a user domain, edition of arrai3iCVv
and ZDHCS, multiplication of variables by pat/(¢Sp) and of cumulated fields by

(6t/Sp).
— PPEDDH| cci|, vertical mean budget edition.

— PPFI DH | cci], writing on file of results of diagnostics for each domainticies of
documentation and fields.

e CPCUVDH, cumulated in time either for a flux or a tendency in case offication.
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6.3 How to add new fields to budgets

This section describes the operations to implement in dadgrcorporate one or more new fields
in the budgets. The sub programmes suwill work as long as the dimensions are updated.

Each new field enters into an optiobhHDHKS, LHDMCI , LHDENT), and is a variable, a flux
or a tendency. In the last two instances, the field may beregthdiabatic origin or coming frm
physical parametrization. Lastly, it can be a soil field. deritify these properties determines
the permanent pointers which must be modified, followed l&ygtb programmes on which to
intervene as well as the location of these sub programmes.

1. update of permanent pointer(s). $WNDDH, increment the permanent pointer which corre-
sponds to the option and to the category of the new field(g) fage 54).

2. Instruction update. Add the field description¥@MI DDH.

3. Compute and store the field PDHCV or PDHCS in the sub programm&PDYDDH or
CPPHDDH.
4. Add the field(s) to the output file (PPFIDH).

5. Add the field(s) to the printed budget, in PPEDDH.

6.4 Maintenance specificitieSAROME model

6.4.1 New module YOMPHFT

The procedure for adding a new term in DDH in ARPEGE/ALADINsHzeen described above.
Namely, for each new term one line of program code must bedanldePDYDDH or in CPPHDDH
and two lines inPPFI DH. In AROME many new fluxes/tendencies are introduced, andyrokh
ones are not used. Adding new lines for each new term woulceraajuite unreadable code. For
this reason and to avoid carrying fluxes/tendencies threughoutines a new module YOMPHFT
is introduced. In this module a data type, TYPE_APFT, is @efito carry a description of data.

TYPE TYPE_APFT
CHARACTER(LEN=1) :: CFT
CHARACTER(LEN=2) :: CVAR
CHARACTER( LEN=10) :: CNAME

END TYPE TYPE_APFT

The most important in module YOMPHFT are two arrays declasd

TYPE( TYPE_APFT), ALLOCATABLE :: YAPFT(:) I'descriptions of fluxes & tendencies
REAL( KI ND=JPRB), ALLOCATABLE :: APFT(:,:,:) ! array with fluxes & tendencies

Dimensions of APFT are:
e 1. dimension: horizontal extend,
e 2. dimension: vertical extend,

e 3. dimension: NAPHFT (described later).
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A dimension of YAPFT is NAPHFT; description in YAPFT must betlae same index value
as the third index of the corresponding flux/tendency in APFT

In APFT, for each variable the values at initial time, cutreatput time and terms appearing
in conservation equation are written one after another. drder in which variables enter array
APFT is given in 6.4.7.3. The number of variables is given by:

I NTEGER( KI ND=JPI' M :: NPROGVAR

Terms that belong to each conservation equation can be fiA@HT by virtue of two arrays,
defined as follow:

| NTEGER( KI ND=JPI M, ALLOCATABLE :: MJJ1(:) !first index in APFT for variable 'i’
| NTEGER(KI ND=JPI M, ALLOCATABLE :: MIJ2(:) !last index in APFT for variable 'i’

The numbers of fluxes/tendencies in APFT and in YAPFT madifiecause APFT can be
used for saving CDPI fluxes when DDH is not active, and arergibye

| NTEGER(KI ND=JPI' M :: NAPHFT !nunber of fl uxes/tendencies in APFT
| NTEGER(KI ND=JPI M :: NDDHFT !nunber of fluxes/tendencies in YAPFT

Physical fluxes can be putin the form needed for Common Dyceihysics Interface (CDPI).
The number of CDPI fluxes and their positions in APFT (thirder) are defined with the follow-
ing integers:

| NTEGER(KI ND=JPIM :: NCDPI PHFT ! nunmber of fluxes/tendencies in CDPI,
| NTEGER(KI ND=JPIM :: NQVQL1 I positions of PI’

| NTEGER(KIND=JPIM :: NQVQ 1 I positions of Pi’

| NTEGER(KI ND=JPI M :: NQLOQR2 I positions of PI'"’

| NTEGER(KI ND=JPIM :: NQ Q52 I positions of Pi’’

| NTEGER(KI ND=JPI M :: NQRQV3 I positions of Pl

| NTEGER(KI ND=JPIM :: NQSQV3 I positions of P’’’

| NTEGER(KI ND=JPIM) @ : NQGQV3 | positions of Pg ’’

| NTEGER(KI ND=JPI M :: NQRO I positions of Pr - flux of rain

I NTEGER(KIND=JPIM :: NQO I positions of Pi - flux of cloud ice
| NTEGER(KI ND=JPI M :: NQSO I positions of Ps - flux of snow

| NTEGER(KI ND=JPIM :: NQX I positions of Pg - flux of graupel

Each physical parameterizations can be deactivated; leiefore changes the number of
physical fluxes. The position of fluxes in APFT is then changed for some fluxes the posi-
tion in APFT array must be known for programming reasons. pbsition of these fluxes are
given by the following integers:

e for positions of momentum turbulent fluxes

| NTEGER(KIND=JPIM :: NUUTURFT ! third index in APFT for U turb. flux
| NTEGER(KIND=JPIM :: NWTURFT ! third index in APFT for V turb. flux

e for positions of convective fluxes

| NTEGER(KIND=JPIM :: NQ.CONV ! third index in APFT for convective rain
| NTEGER(KIND=JPIM :: NONCONV ! third index in APFT for convective snow
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Module YOMAPFT
APFT(.,:,])

Figure 6.1: Data flow for DDH in ARPEGE/ALADIN.

6.4.2 Data flow

Due to the use of the module YOMPHFT, data flow for DDH data irOARE is simplified com-
pared to ARPEGE/ALADIN. Physical fluxes and tendencies aved in array APFT within sub-
routine APL_AROME and used in subroutine CPPHDDH. This mahin Fig. 6.1.

6.4.3 Setup

To take into account the changes made in AROME to implemertiDddme changes in setting
up the subroutines where needed.

6.4.3.1 Subroutine SUOYOMA

In SUOPHY new control variables LPHCDPI and NPHY are initiedl.
In SUNDDH new control variables are initialized (see 6.8)5.

6.4.3.2 Subroutine SUOYOMB

In SUPHMNH, called in SUPHY, control variable LAROBU_ENARBLIs initialized. Subrou-
tines ARO_SUBUDGET and AROINI_BUDGET are called to initz&l budget arrays and to save
physical tendencies in budget arrays within NMH subrowinglso, ARO_INIAPFT is called to
do a part of initializations needed for DDH in AROME (see 8.3).

6.4.4 Entering physical fluxes and tendencies in DDH

Most of physical parameterizations in AROME are calculatelflesoNH subroutines. The gen-
eral layout of implementing in AROME-MesoNH physical sultines the extraction of tenden-
cies, is shown in Fig. 6.2. Each MesoNH subroutine is caltethfan interface subroutine which
itself is called in APL_AROME. Within the MesoNH subroutiaesubroutine BUDGET is called
to save physical tendencies in so called budget arrays. eTagays cannot be reached from
APL_AROME, but can be reached using an interface subroutiabed AROEND_ BUDGET,
which is called at the end of APL_AROME. It puts physical flexa tendencies in the array
APFT, which is passed to it as an actual argument.

6.4.5 Modified subroutines
6.4.5.1 Subroutine APL_AROME

Before any calculations of physical parameterizationsBLAAROME, subroutine ARO_STARTBU
is called to prepare budget arrays for saving tendencieBIi, tendency is calculated for each
physical process).

To put two radiation fluxes in APFT, the following two lineseaadded at the end of the
radiation parameterizations: ZFRSO and ZFRTH

APFT(JLON, JLEV, MJJ2(4) - 1) = ZFRSO( JLON, JLEV, 1)
APFT(JLON, JLEV, M1J2(4)) = ZFRTH(JLON, JLEV, 1)
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Meso NH subroutine

BUDGET
Saving processes in budget arrays.

Figure 6.2: Getting physical tendencies from MesoMN sutineuand saving in APFT.

Convection parameterization fluxes are not saved in budgaysawithin MNH subroutines,
but this is done in subroutine ARO_CONVBU, added at the erzbafrection calculations.

At the end of all physical parameterizations, calculatifinges/tendencies are saved in the
array APFT by calling the subroutine AROEND_BUDGET.

6.4.5.2 Subroutine AROEND_BUDGET

AROEND_BUDGET is an interface subroutine between the ARBEEEEADIN code and the
MNH code. Its purpose is to save physical fluxes/tendenniései array APFT. MNH subroutines
save them in budget arrays as tendencies. If LDFLUX is .TRUlExes are calculated from
tendencies and saved in APFT, else, tendencies are sav@dAROCDPI.OR.LDHDCDPI) is
.TRUE., CDPI fluxes and pseudo-fluxes are calculated andisav&PFT.

6.4.5.3 Subroutine CPDYDDH

Dynamical fluxes and tendencies were not changed for AROM¥E mew variables are added.
The difference in number and nature of variables in ARPEGRBIN and AROME is treated
by the SELECT CASE statement as follow:

SELECT CASE ( NPHY)
CASE( JPHYARO)
DO JLEV = 1, KFLEV
DO JROF=KSTART, KPROF
- variables for AROVE are saved i n PDHCV
ENDDO
ENDDO
CASE DEFAULT
DO JLEV = 1, KFLEV
DO JROF=KSTART, KPROF
| F( LHDQLN) THEN
- variables for ARPEGE/ ALADI N are saved i n PDHCV
ENDDO
ENDDO
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END SELECT

6.4.5.4 Subroutine CPG_DIA

A call to subroutine ARO_CPPHDDH (see 6.4.7.1) is addeds Htdlled, should the AROME
physics be used. A new argument, PGPAR is added to get theceudgmperature and humidity
(see 6.4.5.5) for AROME.
6.4.5.5 Subroutine CPG

ZGPAR is added in call to CPG_DIA.

6.4.5.6 SUOPHY
Three new variables used for the control are initializedHA®PI, NPHY and LBUFLUX.

6.4.5.7 Subroutine SUPHMNH

This subroutine is used in AROME for the setup of the MNH pbsgkpackage. For DDH some
changes were needed in it. First, LAROBU_ENABLE is assigagd

LAROBU_ENABLE=LAROBU_ENABLE. OR. ( LSDDH. AND. . NOT. LONLYVAR) . OR. LPHCDPI

Then budget arrays are prepared to be used, if LAROBU_ENABLERUE..

CALL ARO_SUBUDGET( | LON, | LEV, ZTSTEP)
CALL ARO NI _BUDGET( LARCBU_ENABLE, CLUQUT, KULQUT, ZTSTEP, | SV, IRR, &
& CLRAD, CLDCONV, CLTURB, CLTURBDI M CLCLOUD)

Finally, variables and arrays needed for DDH in AROME (mgaihlose form module YOMPHFT)
are initialized.

CALL ARO_|I NI APFT( LAROBU_ENABLE)

6.4.5.8 Subroutine SUNDDH

This subroutine must be changed when new terms are enteBddHh As the namelist NAMDDH
is read in this subroutine, we setup the default values &ethew variables.

LONLYVAR = . TRUE.
LHDORI GP = . TRUE.
LHDCDPI = . FALSE.

Other variables that must be changed are:

NHDQLNVA | total nunber of variables for water

NHDQLNTD ! nunber of dynami cal tendencies for water when LHDHKS is . TRUE.
NHDQLNFD ! nunber of dynam cal fluxes for water when LHDHKS is . TRUE.
NHDQLNFP ! nunber of physical fluxes for water when LHDHKS is . TRUE.
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NHDQLNTP ! nunber of physical tendencies for water when LHDHKS is . TRUE.
NDHVHK I total nunber of variables when LHDHKS is . TRUE.

NDHAHKD ! total nunber of dynam cal tendencies when LHDHKS is . TRUE.
NDHBHKD ! total nunber of dynam cal fluxes when LHDHKS is . TRUE.
NDHAHKP I total nunber of physical fluxes when LHDHKS is . TRUE.

NDHBHKP ! total nunber of physical tendencies when LHDHKS is . TRUE.

This is done in SELECT CASE sentences like this one:

SELECT CASE ( NPHY)

CASE( JPHYARO)

- assignments for AROME

CASE DEFAULT

- assignnents for ARPEGE/ ALADI N
END SELECT

Additionally, NHDQLNFP is changed if LHDCDPI is .TRUE..

6.4.5.9 Subroutine PPFIDH

New variables are added as describe@but within a SELECT CASE statement like this:

SELECT CASE ( NPHY)

CASE( JPHYARO)

- AROME vari abl es

CASE DEFAULT

- ARPEGE/ ALADI N vari abl es
END SELECT

Physical fluxes are saved on file in the following way:

SELECT CASE ( NPHY)
CASE( JPHYARO)
| F(. NOT. LONLYVAR) THEN
DO JI = 1, NDDHFT
VRl TE ( CLNOVA, 5000) KNUM YAPFT(JI) %CFT, YAPFT(J1 ) %CVAR, YAPFT(J1) UCNANVE
CALL WRI FDH (| COREP, NPODDH, CLNOVA, PDDHCV( 0, | DHCV+J1) , NFLEVG+1)
ENDDO
ENDI F
CASE DEFAULT
- ARPEGE/ ALADI N f | uxes
END SELECT

The advantage of DO loop is that for AROME this subroutinesdoet have to be changed when
new terms are introduced in the equations.
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6.4.6 Modified modules
6.4.6.1 Module YOMARPHY

Outputs of physical parameterizations are supposed to kesfim ARPEGE/ALADIN, whereas
in MNH they are always tendencies. To give a choice of eithetwl or tendencies a new switch
is introduced. For details s&&.

LOG CAL :: LBUFLUX
! LBUFLUX : If TRUE fluxes are cal cul ated i n AROEND BUDGET,
! i f FALSE, tendencies renain

6.4.6.2 Module YOMLDDH
Three switches are added to control the content of output file

e LONLYVAR gives a possibility to save either only variablesvariables and all other terms.

e Two switches are connected to the possibility of having opbiysical fluxes/tendencies in
a form needed for CDPI (s€&?). It is possible to save microphysical fluxes/tendencies as
they are calculated in the physical package, as in CDPI, tbr (3ee??).

LOG CAL :: LONLYVAR! if .TRUE. only variables are saved

LOG CAL :: LHDORIGP ! if .TRUE. original fluxes fromm crophysical paraneteri z;
I are saved

LOG CAL :: LHDCDPI ! if .TRUE. CDPI fluxes are saved

6.4.6.3 Module YOMMNH

In this module one logical variable, three arrays and onarpater are added to control saving in
data budget arrays and to retrieve them.

LOG CAL :: LAROBU ENABLE ! when it is .TRUE. tendencies are saved in budget ar|
(see??)

I for budgets and DDH, number of processes in budget arrays

| NTEGER( KI ND=JPI M , ALLOCATABLE :: NBUPROC(:)

| NTEGER( KI ND=JPI M) , ALLOCATABLE :: NJBUDGL(:)

| NTEGER( KI ND=JPI M , ALLOCATABLE :: NJBUDG2(:)

I' nunber of budgets used in AROVE, w thout passive scal ars
| NTEGER( KI ND=JPI M), PARAMETER :: JPAROBUD = 12

6.4.6.4 Module YOMPHY

Two new control variables and three parameters are adde®MRHY. LPHCDPI controls cal-
culation of CDPI fluxes/tendencies. In various parts of tbdecthere was a need to branch off
because of possibility to use several physical packageshést way to do it is by SELECT CASE
statement. For this reason, a new variable NPHY is introdutteis a rank of physical packages
used in the model and it can take values defined with three mesneters each for one physical
package of those used in ARPEGE/ALADIN/AROME. When a newkpge is introduced in the
model, a new parameter must be defined.
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LOG CAL :: LPHCDPI

| NTEGER(KI ND=JPIM :: NPHY

I Val ues that NPHY can obtain:

| NTEGER( KI ND=JPI M, PARAMETER :: JPHYEC = 1 ! for ECMAF physics
| NTEGER(KI ND=JPI M), PARAMETER :: JPHYMF = 2 | for M physics

| NTEGER(KI ND=JPI M), PARAMETER :: JPHYARO= 3 | for AROME physics

6.4.7 New subroutines
6.4.7.1 Subroutine ARO_CPPHDDH

ARO_CPPHDDH is used in AROME instead of CPPHDDH used in ARBEEADIN. It has the
same purpose as CPPHDDH, to calculate and to save physixas ffund tendencies in PDHCV.
For the time being, only fluxes are saved, and it is done in Dup:lo

DO JPHFT= 1, NDDHFT
DO JLEV = 0, KFLEV
DO JROF=KSTART, KPROF
PDHCV( JROF, JLEV, JPHFT+I DHCV) = APFT(JROF, JLEV, JPHFT)
ENDDO
ENDDO
ENDDO

6.4.7.2 Subroutine ADDFT

This subroutine adds a description of a new term in array YARHs used in ARO_INIPFT.

6.4.7.3 Subroutine ARO_INIPFT

In this subroutine, memory is allocated for all allocatadteays from module YOMAPFT (6.4.1)
and values are assigned to all variables and arrays from Y®RIA Descriptions in YAPFT are
sorted out by variable. The order of variables is as follow:

1. U: x-component of horizontal velocity
2. V. y-component of horizontal velocity
3. W: vertical velocity

4. EP: turbulence kinetic energy

. 0: potential temperature

. ¢ specific ratio of water vapour

. q;: specific ratio of cloud water

q;: specific ratio of cloud ice

© o N o O

¢, specific ratio of rain

10. ¢,: specific ratio of snow
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11. ¢, specific ratio of graupel

Physical fluxes/tendencies for one variable are in the sader as in budget arrays, that means
in the order of the execution of processes. The process iroNldsmeans anything between:
physical process, parameterisation, dynamical terms Hradheer terms in equations even some

mathematical procedures like filtering.
The following main tasks are done in ARO_INIPFT:

1. Calculating a number of fluxes/tendencies and allocation

2. Descriptions of fluxes/tendencies are saved in array YAREthe same time, and for each
variable, first and last indexes in YAPFT are saved in arraydlvand MJJ2.

3. Matching APFT with budget arrays; the first and the lasexih budget arrays are saved in
NJBUDG1 and NJBUDG2.

If a MODULE interface is used, the positions of CPDI fluxes @e¢ermined.

6.4.8 Adding a new term in DDH for AROME

If we want to add a new variable, dynamical flux or tendency phgsical tendency (as it is
defined in DDH) the procedure is the same as in ARPEGE/ALADMY.( The procedure for
physical fluxes is changed because there are much more chemtiem when physical package
is changed than in other categories. Intention is to do odswgly in ARO_INIPFT but but some
changes must still be done in SUNDDH. The procedure is agvioll

A. Adding a variable, dynamical flux or tendency or physi@ddency: the same procedure as in
??

B. Adding a physical flux

1. Do changes in subroutine SUNDDH (see 6.4.5.8),

2. Add a new term in subroutine ARO_INIPFT. First NAPHFT an®DDHFT must
be changed. Then, the description of the new term must betgbeaight place in
YAPFT (see 6.4.7.3). Besides, changes in NBUPROC, NJBUD@GILNIBUDG2
may be needed.



Chapter 7

Using DDH files: the ddhtoolbox

7.1 Purpose

ARPEGE, ALADIN and AROME models produce DDH files. The ddhibmx makes operations
relevant to use these DDH files for scientifical developmect @search: produce ready-to-plot
profiles of variables, tendencies and fluxes (ddhi), cureulDH files, differenciate DDH files,
make horizontal and vertical means (ddht), get the budgptagfnostic variables (ddhb), etc.

7.2 Synoptic view of ddhtoolbox utilities

DDH file DZ.2008-07-17.P96h.Ifa

' Run ARPE, base 2008-07-17 00:00, prediction range 4.00 days.
ZONAL DOMAINS 384 time steps, 60 levels, 30 domains.
ddhr (READ

ARPEGE ALADIN AROME Ej AUTODOCUMENTATION)

DDH file ddht (TRANSFORMS) cha
number of levels, extract
domains, cumulate DDh files,
differenciate (experiment vs

rence), etc

ddhi (INTERPRETATIO
ddhb (BUDGET) cony
extensive units int¢/i
units (K, g/kg, et

« .doc » file (title, unit, base, etc)

Ej « .dta » file (ASCII data in columns)

Graphics

EPS file

ARPEGE, ALADIN or AROME models produce DDH files. Each file tains n domains, m
levels, and for each domain-level all variables, fluxes amdi¢ncies relevant to get a budget. The
actions that can be performed on DDH files are
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ddhr: get some DDH file autodocumentation on standard output:, lediction range,
etc.

ddht: operate transforms on DDH files: make the difference betvwaeegference and an
experiment, cumulate several DDH files, extract one or moreain(s) from a DDH file,
extract one or more level(s), make an horizontal mean oroatlains, make a vertical mean
on all levels, etc. ddht generates in output a DDH file.

ddhi: makes an interpretation of the raw data from a DDH file, in otdeget ready to plot
data, with intensive units (K/day, g/kg, etc). ddhi produgeoutput ASCII files:

— a".doc" file per field, containing autodocumentation (fitlait, base, prediction range,
etc)

— a".dta" file per field, containing the data in columns.
ddhb is a script to make the budget of prognostic variables.

Typing "ddhr" or "ddhi" or "ddht" or "ddhb" with no argumenivgs a documentation about
the usage.

Graphics: the user may then use his own graphic tool to péot.thoc" and ".dta" files.

Install the software

Questions: Mailto: Jean-Marcel.Piriou@meteo.fr

Untar the ddhtoolbox.tar file.

cd ddhtoolbox

The install process uses the "uname -a" command to recogimzarchitecture of the current
machine. So first type "uname -a" on the command line. Theokcihvaether this is an already
known type in both scripts install and Ifa/install. If yesdaf the compiler option fits your needs,
no change needs to be done. Else case, you will have to adehaimithe "if [ "$os_name" ] else
fi* statement, to give your compiler options.

1. Putthe local directory in your PATH: export PATH=.:3PATH

2. Run install process:

install clean
install

. An additional information: if you are running an ARPEGE LADIN - AROME code

version earlier than cycle 32, you will need to convert theHDides produced by ARPEGE
- ALADIN - AROME, before using it with the ddhtoolbox utiligs.

This converter, DDHC, is already available on your compuites an entry point from the
XRD library (libxrd.a) that is generated in the standard AGE - ALADIN - AROME
compilation process.

The DDH files are converted this way (lets call DDH.[fi the fileguced by ALADIN, and
DDH.Ifa the converted one):

DDHC DDH.Ifi DDH.lfa
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7.4 Environment variables

1. Put the ddhtoolbox directory and the ddhtoolbox/Ifa clivey in your PATH, in order to
access the ddhtoolbox executables from any directory ongamputer.

2. DDH tools (ddhi, ddhb) use the following environment gaies, to be put in your ".profile"
or ".bash_profile" files:
export DDHI_LIST=..../ddhtoolbox/ddh_budget_listatgersion_list
export DDHB_BPS=..../ddhtoolbox/ddh_budget_lists
where "...." is to be filled by the absolute PATH of the ddhibax directory.
3. If the environment variable DDH_PLOT is set, somme ddlitimo utilities call a script of

your own, which makes the plot, starting from the informatgiven by the autodocumen-
tation file (suffix ".doc").

Example: in Toulouse one uses a script to visualize, calikarebt (written by Yves Bouteloup)
based on METVIEW to make the plots. The ".profile” or ".baglfife" thus contains: "ex-
port DDH_PLOT=dd2met"

7.5 ddhb: get budgets

ddhb is a tool to make the budget of pronostic variablestistafrom a DDH file. This file should
contain only one domain. If it is not the case, use ddht toaekta single domain from your
multi-domain DDH file.

Example of ddhb use:
ddhb -v arpege/QV -i DHFDLALAD+0036

In this example, one asks for the budget of the file DHFDLALAIDB6, this file has been pro-
duced by the arpege (or aladin) physics, the prognostialbiiis QV (water vapour).

Typing "ddhb" with no argument gives a documentation abloetddhb use.

The ddhb script generates ASCII ready to plot files, and wioigt on standard output the location
of these files. Two kinds of files are produced:

1. Datafiles (suffix: dta): in ASCII colums.

2. Autodocumentation files (suffix: doc): title, unit, date of the prediction rurice

What ddhb basically does, as one types -v arpege/QV, is tbtrea$DDHB_BPS/arpege/QV.fbl
file to get the directives to establish the budget of thisalaa. All information is in this file, and
this file can be edited and/or modified by the user, for his osa u

find $SDDHB_BPS -name "*.fbl" -print

to see the complete list of physics or budget packages alaifar use in ddhb, and which vari-
ables. The user may read these directive files to see what DBHriicles are used for each
prognostic variable budget.
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The user may also create his own directive files. For exanplghange the legends of the budgets
(and translate them to French, German, etc), or to custothiescientifical budgets (change

the list of file articles to be used for a given physical pragesin this case, copy an existing

$DDHB_BPS/arpege/*.fbl file into your directory, and madif. This file can then be used by

ddhb, in typing

ddhb -d <BPSdirectory> -v <variable> -i <inputfile>
Example: ddhb -d /home/piriou/my_ddh_maodifs -v arpegefQdhfzoarpe+0096.mh

where your modified directive file is home/piriou/my_ddh_diis/arpege/QV.fbl



Chapter 8

History

1991:
1992:
1993:
1997:
2000:
2006:
2006:

Initial analysis and coding of theDH software (Alain Joly).

Introduction of entropy and kinetic energy budgets (Mad@mousek, Jean-Marcel Piriou).
Introduction of relative humidity, liquid and ice water &ireMarcel Piriou).

New surface fields, IFS model (Pedro Viterbo).

Diagnose surface "tiles", IFS model (Christian Jakob).

Extract MEsO-NH physical data flow, interface to DDH routines (Tomislagu&cic).

Write AROME DDH documentation (Tomislav Kovacic).

2007-11: Rewrite the budget tool "ddhb", still based on the "ddhi" amdht" existing ones (Alex

Deckmyn, Jean-Marcel Piriou, Tomas Kral).

2008-07: Dratft translation of the French DDH documentation into Estglby Jean Maziejewski

International Sekretarski, approved by Jean-Marcel Ririo

2008-07: Create the ddhtoolbox, write its documentation (Jean-Bldp@iou).
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