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I INTERPF

7.1 Purpose

The INTERPF program handles the data transformation required to go from the analysis pro-
grams to the mesoscale model. This entails vertical interpolation, diagnostic computation, and
data reformatting. INTERPF takes REGRID, RAWINS, LITTLE_R, or INTERPB output data as
input to generate amodel initial, lateral boundary condition and alower boundary condition.

The INTERPF program runs on the following platforms. HP/Compag/Alpha, Cray, Fujitsu, HP,
IBM, SGI, Sun, PCs running Linux (Fedora with PGI or Intel compilers), and MAC (OSX with
xIf). The INTERPF code is written in FORTRAN 90.

7.2 INTERPF Procedure

e input LITTLE_R, RAWINS, REGRID, or INTERPB data

e pressure level Qv for Psfc

e interpolate variables from pressure coordinates to hydrostatic ¢
® u, v, RH: linear in pressure

e theta: linear in In pressure

® remove integrated mean divergence

e compute base state
e compute w

e re-interpolate u, v, t, Qv,(optionally Qc, Qr, Q;, Qs, Qg)
e compute perturbation pressure

® save Tg. and SST for daily mean for lower boundary file
e output current data for boundary file

e output interpolated datafor initial conditions

e output data for lower boundary file
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Fig 7.1 MM5 modeling system flow chart for INTERPF.
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7.3 Surface Pressure Computation

Please note that the “ X" used in the following computations throughout the entire chapter signi-

fies an arithmetic multiplication, not a cross product.

1. first guess for representative T, p 100 hPa above surface

P, =P (P—S'—V) (7.1)
sfc = " slvigso '
2. extrapolate Tslv
P Y
— slv
Toy = TlOO—up(p '—p] (7.2)
100—-u
| 11850
- 1100 it 2002 p < 850 (7.3)
1= 850" =F100-up = :
700
3. corrected Tsfc
Tee = Tgqy—YsX TER (7.4)
4a. use mean temperature underground to estimate surface pressure
_ -TERXg 1
Pstc = Pslve)(p{ R / 2 X (Tete * Ty (7.5)
4b. OR use daily mean surface temperature to compute surface pressure
=9
YgX TER) RYs
Ps1‘c = PsIv (1 + Tavg (7-6)
7-5
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7.4 Hydrostatic Vertical Interpolation

The process of going from pressure levelsto the ¢ coordinate requires only strictly bounded inter-
polation. Since the ¢ coordinate is defined to be contained within the maximum and minimum
pressure, no extrapolations are required. A generated surface field is available as a coding option
inside INTERPF via the namelist. Vertical interpolation uses linear techniques exclusively, typi-
cally linear in pressure or linear in In pressure.

Hydrostatic pressure is defined as

Piik = kX Pjj * Piop (7.7)

where c isa 1-D vertical coordinate, =1 at the ground, 6=0 at the model lid; p* isthe arithmetic
difference of the 2-D field of surface pressure and a constant (Ptop); and Ptop is the constant pres-
sure at the model lid.

_ap (Pg=Py) +ap (Ps—Pp)
oy = P P, (7.8)

Pa, cia

Po, oo

Pb, ab

1 2 3

Fig. 7.2 A vertical profile of a ¢ surface cutting through several isobaric layers.
The heavy dot isthe location on the ¢ surface for which avertical interpolationis
requested. The arrows (labeled 1 through 3) represent consecutive grid points
that use three separate surrounding layers along a ¢ surface.

7.5 Integrated M ean Diver gence Removal

Removing the integrated mean divergence allows the model to begin with asmaller amount of ini-
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tial condition noise that the analysis contains. Given the average upper-air station separation, the
reasonableness of the high frequency, column-averaged vertical motion is spurious at best. Again,
the computations are scalar, and the “ X” signifies scalar multiplication.

1. pressure weighted u, v on each ¢
*

PUjjic = Pij X Uijis PViji = Pij X Vijk (7.9)

2. vertically average p*u, p*v

k k

3. divergence of vertically-averaged pressure-weighted wind [m is the map scale factor for dot
(D) and cross (X)]

A(U

integij/mD) + ALY, ntegij/mD)} (7.12)

_ 2
DIV;; = mx[ = Ay

4. solve for the velocity potential, with assumed boundary conditions

szii - DIViJ" XiiboundaryEO (7.12)

5. mean divergent wind components

_ MpA _ MpA
Upiv, = i Vory, = —*—Z%/ (7.13)
Y Y
6. vertical weighting
require; ZwkxAGk: 1, (7.14)
k

presently: w,=2(1-6,) (7.15)
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7. corrected wind components
Ucorrectedijk = uijk_UDIVij X Wies Vcorrectedijk = Vijk_VDIV”- X Wi (7'16)

7.6 Base State Computation

The base state for the MM5 model is constructed from several constants prescribing a surface
level temperature and pressure, a temperature profile which may include an isothermal layer
above the tropopause, and analytic expressions for a reference pressure and the height of the non-
hydrostatic ¢ surfaces. Other than the terrain elevation only these constants are required by the
modeling system as user input to completely define the base state.

1. constants

® Pyo: reference sealevel pressure (in the INTERPF namelist)

® Ty reference sealevel temperature (in the INTERPF namelist)

e A: reference temperature lapse rate (in the INTERPF namelist)

® Prop: reference pressure at model top (in the REGRIDDER and INTERPF namelists)

® T, (optional) temperature at which the reference temperature becomes constant (possi-
bly for use in modeling the stratosphere) (in the INTERPF namelist)

2. reference p*
1
T T\ 2 2
_ sO sO TER
Pso = Poo &Py +[(—A—) _ngJ —Prop (7.17)
3. reference pressure 3-D
Py = PoX0+Prop (7.18)
4. reference temperature 3-D
Po
To = T+ Alng= (7.19)
00
5. reference height
P )° RxT, P
= — RXA(In——QCJ + O (7.20)
29 Py g Poo
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This provides afixed (in time) height for each ¢ surface, since each i j,k location is a function of
the fixed ¢ values and the terrain elevation.

If the user has requested the use of the isothermal temperature option from the namelist, the tem-
perature and height computations are modified. First, the minimum temperature allowable is
defined asthe isothermal temperature. The pressure at the location for the switch to the isothermal
temperature is computed. From this pressure (P,gp), the isothermal height is found, and then the
adjusted reference height.

Zis = —(R;gAx(ln(—Pl—SQnZ+ -R_X_gT_Sox In(El—SQD (7.21)

POO POO

RxT P
X iso, |n[P—°] (7.22)
| SO

7.7 Initialization of Nonhydrostatic M odel

INTERPF first generates a hydrostatic input file on the hydrostatic sigma levelswhich is based on
actual surface pressure, not reference pressure. To initialize the data for the nonhydrostatic model
a further small vertical interpolation is needed to move to the nonhydrostatic sigma levels. This
involves first calculating the heights of the hydrostatic levels, then doing a linear-in-height inter-
polation of u, v, T and g to the nonhydrostatic levels.

While sea-level pressure, u, v, T and g are known from the input data sets, the nonhydrostatic
model requires two more variablesto beinitialized.

e Vertical velocity (w) issimply calculated from the pressure velocity (w) obtained by inte-
grating horizontal velocity divergence vertically while still on the hydrostatic sigmalevels.
Divergence removal has already ensured that thisintegration will give no vertical motion at
the top of the model domain. This o is then interpolated to the nonhydrostatic levels and
converted to w (w=-w/pg). In practice, the results are not sensitive to whether w isinitial-
ized thisway or equal to zero.

® Pressure perturbation (p”) hasto be initialized to give a hydrostatic balance. Once virtual
temperature is known on the nonhydrostatic model levels, the model’s vertical velocity
equation in finite difference form is used with the accel eration and advection terms set to
zero. Thisleaves arelation between T, (z) and the vertical gradient of p’. Given the sea-
level pressure, p’ at the lowest sigmalevel can be estimated, and then given the profile of
virtual temperature vertical integration gives p’ at the other levels. This balance ensures
that theinitial vertical acceleration is zero in each model column.

7.8 Substrate Temperature and the LOWBDY_DOMAINN file

There are three primary binary output files from the INTERPF program: MMINPUT_DOMAINN,
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BDYOUT_DOMAINn and LOWBDY_DOMAINN. The MMINPUT_DOMAINN file contains
the time dependent 3D and 2D fields, such as wind, temperature, moisture and pressure. The
BDYOUT_DOMAINN file contains the lateral boundaries of the 3D fields, typically, four rows
worth of data. The LOWBDY_DOMAINN file contains either daily means of, or time-varying
surface temperature fields (surface air temperature and sea surface temperature), and optionally
Sea-ice and snow cover fields.

The surface air temperature is either the temperature field defined at the surface from the input
pressure-level data set (typically), or the lowest o-level temperature field (if the namelist option
was set to not use the input surface datain the vertical interpolation). Thisfield is used as the con-
stant, deep-soil temperature whenever the land surface model is not selected. The variable used as
the sea surface temperature in REGRID is not well defined. Based on user selections, the sea sur-
face temperature could be the water temperature, the skin temperature or the 1000 hPa tempera-
ture. Users with high resolution land use may find that they have very “hot” lakes during the
summer.

If the user selected the skin temperature from the PREGRID Vtable, adaily mean of both the sur-
face ar temperature and the sea surface temperature are computed and output in the
LOWBDY_DOMAINN file. The purpose for the daily mean is to reduce the diurnal variation of
the “constant” temperature and provide more realistic inland lake temperatures. This isthe rea-
son it is recommended that users always prepare an analysis/forecast that extends for at
least a full day. If the user selected the SST from the PREGRID Vtable, then the INTERPF pro-
gram automatically provides time varying fields of both SST and the surface air temperature.
When in doubt, the user should assume that that temperature at the ground is the skin temperature
and not suitable for use as atime varying field for SST.

7.9 Shell Variables (for NCAR IBM job deck only)

All of the MM5 system job decks for IBM are written as C-shell executables. Strict adherence to
C-shell syntax isrequired in this section.

Table 7.1: INTERPF IBM deck shell variables.

C-shell
Variable Options and Use
Name
ExpName location of MSSfiles, keep same as used for deck generating input file
for this program
RetPd time in days to retain data on M SS after last access
input_file MSS root name for p-level input to INTERPF

7.10 Parameter Satements

Hal There aren’t any.
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7.11 FORTRAN Nameélist Input File

Most of the available options for the INTERPF code are handled through the namelist input file.
Since thisfileis a FORTRAN namelist (FORTRAN 90 standard), syntax is very specific. There
are six namelist records (record0 through record5). In general, all of the namelist records must be
filled with the user’s description of the data.

Table 7.2: INTERPF namelist values: RECORDO and RECORD1.

Namelist N"’“T‘e"St Description

Record Variable
RECORDO INPUT_FILE input file from REGRID, RAWINS, LITTLE_R,

or INTERPB complete with directory structure

RECORD1 START_YEAR starting time, 4 digit INTEGER of the year
RECORD1 START_MONTH starting time, 2 digit INTEGER of the month
RECORD1 START_DAY starting time, 2 digit INTEGER of the day
RECORD1 START_HOUR starting time, 2 digit INTEGER of the hour
RECORD1 END_YEAR ending time, 4 digit INTEGER of the year
RECORD1 END_MONTH ending time, 2 digit INTEGER of the month
RECORD1 END DAY ending time, 2 digit INTEGER of the day
RECORD1 END_HOUR ending time, 2 digit INTEGER of the hour
RECORD1 INTERVAL time interval in seconds between analysis periods
RECORD1 LESS THAN_24H | T/F flag of whether to force lessthan 24 h in the

analysis (FALSE by default)

Table 7.3: INTERPF namelist values: RECORD2 and RECORDS.

Namelist Namelist Description
Record Variable P
RECORD2 SIGMA_F BU input sigma levels, full levels, bottom-up (1.0
through 0.0)
RECORD2 PTOP pressure of the model lid (Pa)

MM5 Tutorid
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Table 7.3: INTERPF namdlist values; RECORD2 and RECORDS3.

Namelist Namelist Description
Record Variable P
RECORD2 ISFC how many sigmalevelsto include in the use of
the lowest level analysisfor the vertical interpola-
tion; 0 = normal interpolation, 1 = use surface
level for lowest sigmalayer, n>1 use surface level
for n sigma layersin interpolation
RECORD3 PO reference sea level pressure (Pa)
RECORD3 TLP reference temperature lapse rate (K {In Pa} 1)
RECORD3 TSO reference sealevel temperature (K)
RECORD3 TISO isothermal temperature (K), if thisisleft as0
there is no effect, thisis the temperature that the
reference profile assumes when the temperature
would otherwise be less than TISO

Table 7.4: INTERPF namdlist values; RECORD4 and RECORDS.

Namelist Namelist Descrintion
Record Variable P
RECORD4 REMOVEDIV T/F flag, remove the integrated mean divergence
RECORD4 USESFC T/F flag, use the input surface datain the vertical
interpolation
RECORD4 WRTH20 T/F flag, saturation is with respect to liquid water
RECORD4 PSFC_METHOD INTEGER, 0 => (Tq, + Tgc)/2; 1 => surface
pressure from diurnally averaged surface temp
RECORD5 IFDATIM INTEGER, number of time periods of initial con-
dition output required (only 1 is necessary if not
doing analysis nudging), “-1" is the magic value
that means output al of the time periods

7.12 How to Run INTERPF

1) Obtain the source code tar file from one of the following places:

7-12 MM5 Tutorid



7: INTERPF

Anonymous ftp:
ftp://ftp.ucar.edu/mesouser/MM5V 3/INTERPF.TAR.gz

On NCAR MSS:
IMESOUSER/MM5V 3/INTERPF.TAR.gz

2) gunzip thefile, untar it. A directory INTERPF will be created. cd to INTERPF.
3) Type ‘make’ to create an executable for your platform.

4) On an NCAR IBM, edit interpf.deck.ibm (located in ~mesouser/MM5V 3/IBM) to select script
options and to select namelist options. On workstations, edit the namelist.input file for the namel-
ist options.

5) On an NCAR IBM, type interpf.deck.ibm to compile and execute the program. It is usually a
good practice to pipe the output to an output file so that if the program fails, you can take alook at
the log file. To do so, type: interpf.deck.ibm >& interpf.log, for example. On a workstation, run
the executable directly (interpf >& interpf.log).

INTERPF requires one of the following input files REGRID_DOMAINN,
RAWINS DOMAINN, LITTLE R DOMAINNn, or MMOUTP_DOMAINnN (where n is the
domain identifier). The location for the input data, including directory structure, is defined in the
namelist file.

Output files from INTERPF (input files for MM5): MMINPUT_DOMAINN,
BDYOUT_DOMAINN, LOWBDY_DOMAINnN (where nisthe domain identifier). Thesefilesare
output in the current working directory. The user has no control over this naming convention.

7.13 INTERPF didn’t Work! What Went Wrong?

e Most of the errors from INTERPF that do not end with a"segmentation fault”, "core
dump", or "floating point error" are accompanied with a print statement. Though the mes-
sage itself may not contain enough substance to correct the problem, it will lead you to the
section of the code that failed, which should provide more diagnostic information. The last
statement that INTERPF prints during a controlled failed run is the diagnostic error.

e To seeif INTERPF completed successfully, first check to seeif the "STOP 99999" state-
ment appears. Also check to see that INTERPF processed each of the requested times from
the namelist. Theinitial condition file should be written-to after each analysistime, up to
the number of time periods requested by the namelist. The boundary condition file is writ-
ten-to after each analysistime, beginning with the second time period. The lower boundary
fileiswritten to just once.

e When INTERPF tells you that it "Relaxation did not converge in 20000 iterations’, you
may doing an idealized run with non-divergent winds. Set the flag (REMOVEDIV =
.FALSE. in the namelist) so that you are not doing the mean divergence removal.

e Remember that to generate a single boundary condition file, you must have at least two
time periods, so that a lateral boundary tendency may be computed. Even if you are not
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going to run along forecast, it is advantageous to provide afull day for the lower boundary
condition file, as thisfile contains the daily mean of the surface air temperature and the
daily mean of the SST.

e When INTERPF runsinto an interpolation error that it did not expect (i.e. forced to do an
extrapolation when none should be required), INTERPF will stop and print out the offend-
ing (1,J,K) and pressure values. If thisis not simply afix by amending the provided ¢ or
pressure surfaces, it isusually a bit more tricky and implies that the analysis data is possi-
bly in error.

7.14 Filel/O

The interpolation program has input and output files that are ingested and created during an
INTERPF run. The binary input files and all of the output files are unformatted FORTRAN write
statements (binary, sequential access). One of the input files is a human-readable namelist format-
ted file of run-time options.

The following tables are for the input and output units.

Table 7.5: INTERPF program input file.

File Name Description

namelist.input namelist file containing run-time options

LITTLE_R DOMAINN, MMS5 system, meteorological data on pressure levels, input to
RAWINS DOMAINN, INTERPF
REGRID_DOMAINN,
MMOUTP_DOMAINN
(specified in namelist file)

Table 7.6: INTERPF program output files.

File Name Description
MMINPUT_DOMAINN initial condition for MM5
BDYOUT_DOMAINnN lateral boundary condition for MM5

LOWBDY_DOMAINN lower boundary condition (reservoir temperature, mean or time-
varying SST, seaice, fractional seaice, snow cover)
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7.15 INTERPF tar File

The interpf.tar file contains the following files and directories:

CHANGES Description of changes to the INTERPF program

Doc Contains a couple of README files

Makefile Makefile to create INTERPF executable

README General information about the INTERPF directory
interpf.deck.cray job deck for usage on one of the NCAR Cray machines
namelist.input input namelist file for run-time options

src/ INTERPF source code
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