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1. INTRODUCTION
1.1 Purpose: To Summarize Model FORTRAN Structure and Usage

This User’s Guide provides a brief summary of the AAIM (Arizona Airflow and Microphysics)
model FORTRAN code and describes the procedures to operate the model and its graphics

analysis processor. Examples of interactive responses and input files show how to run various
simulations.

The AAIM model is a diagnostic airflow/cloud physics particle trajectory model designed to
guide seeding operations and provide analyses for future seeding experiments. Direction of field
experiments and seeding operations requires simple, fast models that provide objective
information for decision making during daily operations. The SCPP (Sierra Cooperative Pilot
Project) model was developed to provide this information for California seeding experiments.
This model was selected for use in Arizona, adapted to the Mogollon Rim, and renamed the
AAIM model. It provides objective information regarding the targeting of seeding materials and
the positioning of research aircraft and ground equipment for measurement of seeding effects
on clouds and precipitation. Details of the model physics and the adaptation process for Arizona
are discussed in volume I of this report (Matthews and Medina, 1993).

This appendix is designed to serve independently as a users guide and as model documentation
for the scientist or programmer who requires detailed software information. Section 2 describes
the model structure, subroutines, and functions. Model operation is discussed in section 3.
Examples of different types of runs and input controls show how to operate the model for
various purposes. Graphical plots to visualize model results are produced by the CRYSPLTS
program. This program is also described. The model code is available from Reclamation on

diskette upon request. The program has extensive comments to assist the programmer and
user.

1.2 Modeled Region and Grid

Figure 1 provides a visual perspective of the region of Arizona included in the model
simulations. It shows a three-dimensional view of the topography in central Arizona region
(fig. 1.1a) and a map of the region with major sites located and 5000- and 7000-ft m.s.L
contours, and the Verde and Salt Rivers (fig. 1.1b). Figure 1.1b shows a map of the region from
Phoenix to Flagstaff with the AAIM model’s grid oriented at 225° from north. The 225° grid
orientation is nearly perpendicular to the NW-SE axis of the mean barrier crestline.
Interestingly, Super et al. (1989) found that the prevailing flow during most heavy precipitation
events was from the southwest. This grid orientation provides maximum lifting effects under
these conditions. The local terrain is somewhat homogeneous, permitting the assumption of a
uniform terrain slope along the length of the crest (y-axis). Line AB shows the location of the
transect used for the model terrain. The y-axis (NW-SE direction) is parallel to the crest. The
grid domain is divided into seventeen 10-km grid spaces along the x- and y-axes. Figure 1.1a
shows the terrain topography in three dimensions. The smoothed topography used in Clark
model (Clark, 1977; Bruintjes et al., 1993) boundary conditions illustrates the complex terrain.
Line AB shows the position of the simplified 225° x-axis transect for AAIM model through HIK
(Happy dJack). Sites of the rawinsonde at CVR (Camp Verde) and PRE (Prescott Airport) are
also marked. ALT (Allen Lake Tank) is located 7.4 km north of HJK falling within the same
grid box in the coarse 10-km resolution of the model. The ALT location is plotted in cross



sections for purposes of model presentations and future model applications during operations
from the ALT area.

Table 1.1 shows the locations and map symbols used for field facilities, soundings, and SFg
(sulfur hexafluoride) release points used in the 1987 experiment, potential seeding generator
sites, and ground facilities at ALT (Allen Lake Tank) and Mormon Lake planned for future field
experiments. Sites A1-A4 and B4 were used to evaluate the model predictions of plume location
and depth based on the SFy transport and diffusion experiments in 1987. Seeding generator
sites are set at these locations. They serve as an initial group of test locations for experimental
seeding and may be modified as field experiments evolve.

Table 1.1. — Locations of field facilities, soundings, SFs sites, and seeding generator test sites.

Location
Facility type Site name Symbol Latitude Longitude Elevation
&) @) &) @) (m m.s.l.)
Intense ground Happy Jack HJIK 34 44.78 111 24.50 2286
observations _
Future field observations  Allen Lake Tank ALT 34 49.45 111 26.40 2270
Future radar site Mormon Lake ML 34 54.05 111 26.43 2213
Prescott Airport VOR Prescott PRE 34 42. 112 28.5 1534
SF release site Cherry Road Al 34 34.25 112 4.27 1524
SF, release site Yavapi Road A2 34 29.10 111 36.98 1844
SF, release site Forest Road A3 34 21.87 112 23.02 1650
SF, release site Mingus A4 34 42.52 112 8.85 2142
Mountain
Western line of generators Squaw Peak Bl 34 28. 111 54.5 1524
Western (future option) Tule Mesa B2 34 22. 111 50. 1989
Western (future option) S. Tule Mesa B3 34 20.5 111 475 1951
Western (future option) Payson Airport B4 34 15.40 111 20.33 1572
Aircraft sounding Prescott Ascent PRA (exact locations vary with
aircraft flight tracks)
PRZ (Prescott aircraft composite
sounding)
Aijrcraft sounding Prescott Descent PRD
Aircraft sounding Happy Jack HJW
West
Aircraft sounding Happy Jack HJK
Aircraft sounding Happy Jack East HJE
Aijrcraft sounding Payson PAY
Aircraft sounding Payson West PAW
Aircraft sounding Camp Verde CVA
Rawinsonde site Camp Verde CVR 34 0.5 111 46. 1027
Rawinsonde site Winslow INV 35 2. 110 435 1505
Rawinsonde site Tucson TUS 32 10. 110 54. 862
Composite soundings Clark model! CMZ 34 0.5 111 46. 1027

1 Soundings composited from all available information on case study days by Bruintjes et al. (1993).
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Figure 1.1. — The Mogolion Rim region showing the three-dimensional
topography used in the Clark model (a) and a contour map of the area from
Phoenix (PHX) to Flagstaff (FLG) showing the AAIM model's 225° grid overlay
(b). Key points used in the model simulations are identified by bold letters on
the map; numbers indicate locations of simulated seeding generators as
defined in table 1.1. Line AB shows the AAIM model cross section through
Happy Jack (HJK). Three-dimensional topography from the Clark model
ilustrates the limitations of simplifying assumptions used in the two-
dimensional AAIM model, which performs remarkably well in this complex
terrain (Figure 1.1a from Bruintjes et al., 1993).




2. DESCRIPTION OF THE FORTRAN PROGRAM

2.1 Overview

The AAIM model is a FORTRAN program that was adapted from the generic version of the
SCPP targeting model modified by Dr. Terry Deshler and described by Rauber et al. (1988). The
SCPP model was recently developed and tested in Reclamation’s SCPP field experiments in the
Sierra Nevada of California described by Reynolds and Dennis (1986). Details regarding the
physics of the model with references are described previously in Volume I, Section 2, of this
report (Matthews and Medina, 1993). Software routines and functions are described in this
Guide. All program routines and functions are printed in bold italics for easy identification;
file names are printed in quotation marks. Specific variables are denoted in UPPERCASE
letters.

2.2 AATM Model Structure

Figure 2.1 shows a general schematic of the flow of computations in the model. The model is
initialized with an observed sounding of temperature, dewpoint, and wind direction and speed
as a function of height from the surface to the 300-mb pressure level (about 9200 m m.s.1.). It
may use one or two soundings to represent conditions over the barrier. Results are generally
better when two soundings adjust the flow as described in section 2.3.1. Sounding data are
interpolated to uniform pressure intervals and used to define flow-channel characteristics of
temperature, relative humidity, and winds over the barrier. The scientist selects the type of
seeding method used in the simulation: airborne or ground based. Then the model computes the
appropriate dispersion rate of seeding material, the point where nucleation begins, and the
growth and fallout trajectory of an ice crystal. Finally, a summary tabulation is provided in an
output data file. A graphical processing program may be used to further analyze and display
plots of the data to help interpret model results. This CRYSPLTS program was developed
separately to visualize model simulations originally “presented in tabular form. This
visualization tool is discussed in section 2.5.

The model, which is coded in FORTRAN 77, consists of a main Program, AAIM, and two
subroutine libraries, AGMLIB and SNDGLIB. Program AAIM sets the initial conditions for
selected options in the model and calls principal subroutines that perform specific functions of
retrieving sounding data, establishing flow channel grids, interpolating data to grids,
computing plume motion, ice crystal growth, and fallout. The detailed flowchart on figure 2.2
shows the flow of computations among subroutines. The AGMLIB library has 25 subroutines
and functions that establish the model grid domain, interpolate wind and thermodynamic data
to the grid, perform the dynamic and microphysical computations, and tabulate results in
output files for statistical and graphical analyses. Table 2.1 lists the main subroutines and their
function. The SNDLIB library has 42 subroutines and functions that perform data retrieval,
decoding, and thermodynamic computations, and prepare input for model initialization and
verification of correct sounding information listed in table 2.2. Tables 2.2.1 and 2.2.2 list the
main sounding variables and model derived fields with their variable names and units. The
programmer should consult the program listing for further information regarding the SNDLIB
routines. Figure 2.2 shows a detailed flowchart of the model with subroutine names that
correspond to those described in tables 2.1 and 2.2.
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Table 2.1. — Primary airflow and microphysics subroutines: AGMLIB.

Routine Name

Primary function

Model Airflow and Thermodynamics Routines,

TARGET1 Retrieves sounding, computes the dead layer and initial guess of Q-point location

FLOWCHAN Calculates wind fields used in the model in flow channel coordinates, calculates flow channel
temperature and moisture cross section information

MIDCHAN Calculates height of the center flow channel if a downwind sounding is used

VWINDS Calculates v-component of the wind in flow channel coordinates

MAKGRID Converts data from flow channel coordinates to cartesian coordinates

LALO2DXY Converts latitude and longitude to cartesian grid coordinates (x,y) and vice versa for a
coordinate system oriented at angle ANGLB to the west of true north

CARTOGRD Converts x,z coordinates to model grid coordinates: j,i

XYTOVOR Converts x,y coordinates to VOR/DME coordinate information

TEMPGRID Calculates model temperature field in cartesian coordinates

Seeding Delivery Routines,

QPOINT Calculates Q-point orientation and length of seedline

FIXPOINT Locates the x,y position of the Q-point, seedline end points and returns information to
subroutine Q-point

CURTAIN Calculates the fallout trajectories and fallout locations of particles originating in a curtain
produced by dropping Agl flares or CO, pellets from an aircraft

CURTANS3 Calculates the fallout trajectories and fallout locations of particles originating in a curtain
produced by burning wingtip acetone seeding generators on an aircraft

PLUME Calculates the trajectory and spread of an aerosol plume released from ground generators

GNDTRAJ Calculates the fallout trajectory of an ice erystal nucleated at the intersection of the plume
and the -6 °C isotherm and the 2-6 concentration line of an Agl plume from a ground
generator

GNDRD Reads the GENLOC ground-based seeding generator location file to locate ground plumes

Microphysics Routines
FALLVEL Determines the fall velocity of particles using empirical growth rates and terminal velocities

for four types of crystals with and without riming




Table 2.2. — Sounding processing routines for model initialization: SNDGLIB.

Routine Name

Primary Function

AIRIN Primary sounding input processing routine for Airsonde formatted data and 1987 Arizona
data, calls RAOBIO

RAOBIO Reads soundings from Arizona data base and produces initial condition array of P, T, T,
dd, ff, H data

READARZ Reads soundings from 1987 data base and transfers array to RAOBIO for mandatory and
significant level processing

RDMAN Extracts the mandatory level information P, T, TD, DD, FF, H from RDRAOB output

RDSIG Extracts the significant level P, T, T, H information from RDRAOB data

RDWND Extracts the wind data from the RDRAOB output file

RDFLP Opens input data file for station and puts sounding data into array for processing

RDMOR Reads type 2 Moroccan data for RDRAOB processing

GETRECP Reads header from input file to determine type of processing

GETREC Reads input sounding file records and forms total record

CTOIP Converts character variables to integer and stores in array for processing

CTOI Converts character string into integer

RDFL Opens input file and decodes sounding

RDEQP Creates a table of sounding variables based on equal pressure using merged
mandatory-significant data

MRGMS Merges mandatory and significant level data according to decreasing pressure

MRGWND Merges wind data with mandatory and significant level data

Thermodynamic Routines

THETAE Computes Theta-E (equivalent potential temperature) from state parameters

ESW Computes saturation vapor pressure over water

PSEUDO Computes pseudo-adiabatic temperatures

THETAEQ Computes equivalent potential temperature for points on a pseudo-adiabat

TMOIST Computes wet-bulb potential temperature

Table 2.2.1. — Sounding variable names and units.

Name Variable Units
P Pressure mb
T Temperature °C
Td Dew point temperature °C
DD Wind direction °
bid Wind speed knots
H Height m




Table 2.2.2. — Model derived fields.

Name Variable Units
u x-wind component ms’!
v y-wind component m !
w z-wind component m s’

Theta  Potential teniperature  °K

A special graphics processor was developed to analyze and visualize model results. This
program CRYSPLTS reads the output file from AAIM and provides selected analyses of model
results. This processor is designed to assist the model user in a semi-interactive mode, so that
the user may examine plots of interest to operational decision making or perform research on
various aspects of model simulations. The program uses the NCAR Graphics software to
provide graphics metacode files that may be plotted on the screen, on laser printers, or saved
for film output. Details of the various NCAR Graphics processors and options are provided in
its documentation. Table 2.3 lists the principal routines used by the CRYSPLTS program.

Table 2.3. — Graphic analysis routines: CRYSPLTS.

Routine Name  Primary Function

CRYSPLTS Main program
ATROUTRD Reads AAIM output file and calls plotting routines
PLTPLUME Plots vertical cross sections of ground-based plumes

PLTPLM1 Plots horizontal position of plumes from generators

XSECTNS Plots vertical cross sections of model wind and temperature fields

PLTMODL Plots vertical cross sections of flow channel variables

MODLREA Reads flow channel data and calls plotting routines

CURTREA Reads the output from seeding aircraft simulations and calls plotting routines
PLTCURT Plots crystal trajectories from aireraft seeding

READSTAR Reads special *** fields for cross section analyses

2.2.1 Initialization: Main Program. — Program AAIM sets the initial conditions and calls
key subroutines to perform various computations and arrange an output file for graphical
post-processing. Figure 2.2 shows the sequence of calls from the main program. The model
takes initial sounding data and interpolates these data within the flow channel structure to
determine the components of the wind that affect lifting over the barrier. Subroutines
FLOWCHN, MIDCHAN, and MAKGRD are the primary routines that determine the vertical
structure and produce a grid within which the plume computations are performed. Section 2.1.3
of the main report describes the kinematic structure of the model.

A block data statement and interactive questions set the initial conditions. Block data set
parameters for a particular geographic analysis area that do not change. Interactive questions
prompt the user to select the date and time of initial sounding data, the seeding method,



seeding generator sites, and other specific information for a simulation. The program listing
documents all variables in detail. Users who are interested in that level of detail should refer to
the comments in the program code, which is available on diskette upon request. The user does
not need to know names of specific variables to operate the model, because all questions are
automatically prompted by the program and appropriate variables are initialized. Section 3
documents this procedure and describes model execution with examples of various input
soundings and user responses.

The main program calls TARGETI to retrieve initial conditions, then FLOWCHAN and
MAKGRID to grid the data for model computations. It then simulates one of two methods to
deliver seeding materials: ground seeding generators in the PLUME subroutine and aircraft
seeding in the QPOINT subroutine. Three types of seeding materials are parameterized to
simulate the effect of dry ice (CO,), droppable pyrotechnics (Agl), or airborne or ground acetone
generators (Agl). PLUME and QPOINT call the microphysics subroutine FALLVEL that
calculates the growth of ice crystals and their fall velocity. Finally, model results are tabulated
in the PRINTER subroutine, which completes the model run.

2.2.2 Subroutine TARGETI. — This routine finds the top of the dead layer, and for aircraft
seeding, calculates a first guess at the targeting trajectory direction and length using only the
upwind sounding winds (no model winds yet). Data from the sounding is transferred to a
vertical coordinate system with grid spacing of 200 m. Parameters needed for the model run are
calculated. TARGET1 computes a first guess of the distance and direction a crystal would
move downwind if it fell with a fall velocity typical of a rimed plate. Upwind sounding winds
are used in this calculation. The calculated distance and direction provide a first estimate of the
Q-point location for the seeding aircraft’s seedline centerpoint.

2.3 Airflow Routines

2.3.1 Subroutine FLOWCHAN. — FLOWCHAN determines the values of the state
parameters and wind field in flow channel space. Options are available to use aircraft observed
winds and the downwind sounding. The model uses up to 12 flow channels. If a low-level dead
layer with wind speeds less than 2.5 m s! is present, then the number of channels is reduced.
The values of the v-component (parallel to the barrier) are determined by a parameterization, if
the upwind sounding or aircraft is used alone. If the downwind sounding is used, the
v-component is interpolated directly.

FLOWCHAN calculates the component of the wind perpendicular to the axis of the barrier
from the surface to 600 mb above the ground (approximately the 300-mb level for Arizona
topography). This barrier-perpendicular u-component is determined by assuming conservation
of mass flux throughout the domain. The midpoint of the domain is defined as the level 350 mb
above the ground (approximately the 550-mb level at the upwind boundary, where x = 0.0). The
area below the midpoint is divided into seven channels that are 50-mb deep at their inflow
location (see fig. 2.3). Above the midflow channel (from 550 to 300 mb), winds are estimated by
assuming mass conservation between the midflow channel and the 300-mb level, which is
assumed to be horizontal. This assumption artificially accelerates the winds in the upper
channels over the crest, but these calculations have little effect on the trajectory calculations at
800- to 550-mb levels. Wind components above the midflow channel indicated by level 7 on
figure 2.3 are estimated by dividing this region into five channels of equal pressure depth, and
then computing the u-, v-, and w-wind components in a manner similar to that below the
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midflow channel described previously. Figure 2.3 shows the vertical cross section through the
Mogollon Rim at ALT (Allen Lake Tank) along the 225° axis. The heights of each flow channel
are plotted. Note the gravity wave effect of the ridge southwest of the Verde River Valley shown
by the wave 10 km southwest of CVR.
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Figure 2.3. — Vertical cross section through the Mogollon Rim at
ALT along the 22