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ABSTRACT

The multination, high-resolution field study of Meteorology And Diffusion Over Non-Uniform Areas (MADONA)
was conducted by scientists from the United States, the United Kingdom, Germany, Denmark, Sweden, and the Netherlands at Porton Down, Salisbury, Wiltshire, United Kingdom, during September and October 1992. The host of the field
study was the Chemical and Biological Defence Establishment (CBDE, now part of Defence Evaluation and Research
Agency) at Porton Down. MADONA was designed and conducted for high-resolution meteorological data collection
and diffusion experiments using smoke, sulphurhexaflouride (SF ), and propylene gas during unstable, neutral, and stable
atmospheric conditions in an effort to obtain terrain-influenced meteorological fields, dispersion, and concentration fluctuation measurements using specialized sensors and tracer generators. Thirty-one days of meteorological data were collected during the period 7 September-7 October and 27 diffusion experiments were conducted from 14 to 23 September
1992. Puffs and plumes of smoke and SF were released simultaneously for most of the experiments to gauge the resultant diffusion and concentration behavior. Some 44 meteorological and aerosol sensors and four source generators were
used during each day of the field study. This array of sensors included 14 towers of wind cups and vanes, 10 sonic anemometer/thermometers, one boundary layer sonde, two lidar, one ion sensor, the CBDE Weather Station, and several
one-of-a-kind sensors. Simulations of airflow and diffusion over the MADONA topography (a 9 km by 7.5 km area)
were made with a variety of models. Wind fields and wind-related parameters were simulated with several high-resolution
(microalpha scale) wind flow models. A tally of the various data-gathering activities indicates that the execution of
MADONA was highly successful. Preliminary use of the datasets shows the high quality and depth of the MADONA
database. This well-documented database is suitable for the evaluation and validation of short-range/near-field wind
and diffusion models/codes. The database was originally placed on CD-ROM in a structured way by CBDE, Porton
Down. The database is now available from the Ris0 National Laboratory, Denmark.
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Cooperators 1992) of high-resolution Meteorology
And Diffusion Over Non-Uniform Areas (MADONA)
During September and October 1992, scientists in the south of England. MADONA was composed of
from six nations conducted a field study (MADONA meteorological data collection and diffusion experi1 • Introduction
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FIG. 2. Topography of CBDE and surrounding area (9 x
7.5 km). Boundaries of the range are noted by the heavy line.

FIG. 1. Geographic location of CBDE (• denotes location of
Salisbury, England).

absolute concentration of particles and gaseous molecules. An innovative feature of the study was the instantaneous generation of puffs that mark the
downwind travel of the SF by means of the visible
smoke aerosol. The resultant database is well suited for
the evaluation of both flow and diffusion models, especially for hazardous material releases.
Scientists from the United States, the United Kingdom, Germany, Denmark, Sweden, and the Netherlands joined together to design and conduct the
6

ments using smoke, sulphurhexaflouride (SF ), and
propylene gas during unstable, neutral, and stable
atmospheric conditions in an effort to obtain terraininfluenced meteorological fields,
dispersion data, and concentration fluctuation measurements.
The primary goal was to collect
a comprehensive high-resolution database using specialized
sensors and tracer generators for
model evaluation.
An important aspect of the
MADONA field study was that
an intense network of wind stations was deployed to support a
series of fast response turbulence and laser and lidar systems
to measure the fine structure of
diffusion. Smoke and SF,o were
released together and alternately
as continuous plumes or discrete
puffs in order to establish both
the relative concentration profile
FIG. 3. Operational times (UTC) and durations of meteorological and diffusion equipand a quantitative estimate of the ment with prevailing synoptic conditions for the MADONA field study.
6
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The influence of meso- and microscale flows on the
wind field, temperature, turbulence, and the mixed
layer will also be examined during the course of our
future analytical studies with the goal of developing
new modeling approaches for accidental and hazardous releases in areas of complex terrain.
2. The MADONA field study

FIG. 4. Locations of meteorological measurement sites (M-1
through M-25), the Doppler sodar, and the boundary layer sonde
(BLS) plotted on terrain contours.

a. Site description
The MADONA field site is located at Porton
Down, Salisbury, Wiltshire, United Kingdom (Fig. 1
inset). Figure 1 provides a view of the geography of
the field study domain while Fig. 2 depicts the topography from digitized elevation data for CBDE proper.
The topography of the 9 km by 7.5 km area is gently
rolling terrain with a ridge running southwest to northeast with higher terrain at each end. Battery Hill is
located to the southwest of the ridge while Tower Hill
to the west of the ridge is the lowland area of the Bowl
where most experiments were conducted. Southwest
of the Bowl and north of Battery Hill is the Met Field
and the site of CBDE's weather tower. Total relief for
the test area is 100 m ranging from 80 m northwest of
the Bowl to 180 m near the Breck, east of the Bowl.

experiments. The field study was hosted by the U. K.
Chemical and Biological Defence Establishment
(CBDE, now part of the Defence Evaluation and Research Agency) at Porton Down, Salisbury, Wiltshire,
United Kingdom. The following organizations participated in MADONA: U. S. Army Research Laboratory
(specifically the former Atmospheric Sciences b. Field studies and experiments
Laboratory), U. S. Dugway Proving Ground, U. K.
Thirty-one days of meteorological data were
Chemical and Biological Defence Establishment, collected during the period 7 September-7 October
U. K. Meteorological Office, U. K.
University of Manchester Institute of
Science and Technology, German Military Geophysical Office, German
Aerospace Research Establishment,
Federal Armed Forces NBC (Nuclear,
Biological, Chemical) Defence Research Establishment (Munster, Germany), Denmark's Ris0 National
Laboratory, Sweden's Defence Research Establishment, and the Netherlands' TNO Prins Mauritz Laboratory.
This is the general description of
the site, the measurements undertaken, and the aim of the study. A portion of the MADONA database is used
herein to provide exposure of the database as well as examples of the effect of variable terrain on wind flow and
transport and diffusion during changFIG. 5. Time history of meteorological parameters for one afternoon (16 Seping atmospheric stability conditions, tember).
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TABLE 1. Summary of the M A D O N A high-resolution experiments and studies. For each date listed, surface layer, wind data, and
sodar data collected given in hours; number of upper-air (UA) and boundary layer (BL) sondes taken, and hours of turbulence data
collected indicated in fourth and fifth columns, respectively. The next two columns indicate the number of puffs and duration of smoke
plumes as indicated in hours and the number of profiles measured through puff releases and plumes of SF tracer, respectively. The
totals are given at the bottom of the table for each of datasets.
6

UA/BL SND

Turb
(H)

Smoke
puff/plume
(N) (H)

SF Profiles
puff/plume
(N) (H)

4:30

3/3

4

7/2:20

—1\2 PROF

24

4:50

2/3

4

9/2:00

—/13 PROF

Yes

4

16 Sep

24

7:00

2/3

10

15/—

6/8 PROF

Yes

4

17 Sep

24

7:00

3/3

24

—/—

—•/— PROF

Yes

4

18 Sep

24

7:00

2/4

24

4/1:28

—/12 PROF

Yes

4

19 Sep

24

7:00

2/4

24

14/1:05

5/8 PROF

Yes

4

20 Sep

24

7:00

1/4

24

9/1:40

1/10 PROF

Yes

4

21 Sep

24

7:00

2/3

24

6/3:07

3/20 PROF

Yes

4

22 Sep

24

0:10

3/3

24

5/1:30

3/14 PROF

Yes

4

23 Sep

24

7:00

2/4

24

14/4:03

2/33 PROF

Yes

4

Totals

240

58:30

22/34

186

83/17:13

20/130

Date

SFC LYR
(H)

Sodar
(H)

14 Sep

24

15 Sep

6

Model
Propylene simulations
4

40

1992. Nine days of diffusion experiments were conducted from 14 to
23 September 1992, consisting of 27
different configurations and combinations of plumes, puffs of smoke,
and SF . During this time extensive
high-resolution micrometeorological
data were collected to complement
the diffusion data. Traditional upperair and weather station measurements
as well as synoptic charts were also
archived during the experimental
days. Each day, smoke and gas tracers were released during a 4-h time
frame as the atmosphere evolved from
unstable afternoon to neutral and
then to stable evening conditions.
Eighty-three instantaneous puffs and
FIG. 6. Time history of vertical structure of wind and temperature for the same nine continuous releases were made in
period as in Fig. 5.
a complementary manner to suit the
test conditions. An overview of
6
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activities is summarized in
TABLE 2. Type of equipment and sensors used during the MADONA Field Study. Refer
Table 1.
to Fig. 4 to locate field sites. Abbreviations: WS-wind speed; WD-wind direction; T-temperature; P-pressure; HUM-humidity; RAD-radiation; PREC- precipitation.
c. Daily weather description
Daily weather conditions
Type
Height
Location
during the study period were NR
generally partly cloudy to over- Meteorological sensors
cast skies with the majority of the
10 m
Ml-7, M10-15
trials having winds of 5 m s or 15 Wind speed/direction sets
less. Three experiments were con- 1 Weather station system:
2-10 m
Met Field
ducted with wind speeds of 5WS, WD, T, P, HUM, RAD, PREC
10 m
Met Field
10ms as well. Wind directions
were mostly from the southwest, 1 Upper-air system
Larkhill
to 500 mb
frequently from the southeast,
layer sonde,
to 500 mb
BLS
once from the northwest, and once 1 Boundary
with
two-level
temperature
and
wind
2,10
m
BLS
from the east. Temperatures
were mainly in the range from 1 Doppler sodar
to 300 m
SODAR
14° to 18°C. Synoptically, fast10, 30 m
M8/M9
moving troughs passed through 1 WS/WD two-level tower
the area almost on a daily basis, 2 Sonic anemometer/thermometer
7m
M16/M17
occasionally giving way to high
pressure influences from the 2 Sonic anemometer profile system
2,4,6,8 m
M21/M25
continent. Light rain occurred
2m
Met Field
once during the experiments 1 Sonic anemometer/thermometer
while light rain and thunder- 1 Temperature profile system
0.5, 2,4, 6, 8 m M25
storms came quite close on other
2,4,6,8 m
M21
occasions. Unsteady winds on 1 Fiber optics quartz thermometer
17 September prevented experi- Diffusion sensors and equipment
ments from being conducted.
Otherwise, the weather did not 1 Smoke plume generator
lm
Numerous sites
significantly inhibit operations.
-1

_1

d. Field sensors and
equipment
High-resolution and standard
microscale, boundary layer, and
synoptic meteorological sensors
and equipment were deployed
along with fast response concentration and diffusion real-time
detectors and sensors. Table 2
lists the field equipment, sensors, and techniques that were
used during the study. Specifications of the sensors, quality control techniques (QC), and quality
assurance (QA) can be found on
the CD-ROM. Note that each
field team conducted their own
QC/QA and sensor calibrations
(Ride et al. 1998).
Bulletin of the American

Meteorological

1

Smoke puff generator

2.3-3 m

Numerous sites

1

SF source with plume/puff

1,3 m

Numerous sites

1

Propylene gas source

0.5-2 m

Met field

1

LIDAR

1m

Bowl sites

1

Visioceilometer

1m

Bowl sites

1

LIDAR, RASCAL system

2m

Bowl sites

1

SF flame photometer system

lm

Mobile in the
Bowl

5

UVIC sensors

2m

Met field

1

Video imaging system

1.5 m

Numerous sites

1

Aerial camera system (aircraft)

var.

Airborne

Hand-held

All sites

6
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Survey device
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direction. A time history of meteorological mean value
(1 h) and turbulence data is plotted in Fig. 3 along with
operational times of the various sensors and the release
times of smoke and SF plumes and puffs for the full
study period. This information gives an overview of
the data available from the field study. All of the information given in the figure is plotted as a function
of time on the horizontal axis. The top section of the
figure indicates the release and operation times of
upper-air soundings (U), boundary layer sondes (S),
Doppler sodar (SODAR) (I), and wind station network
(I) as well as significant weather and sky conditions
(standard symbols). The middle portion presents a
trace of wind speed, wind direction, and temperature
from one of the sonic anemometers. The bottom portion specifies the release periods of smoke and SF for
both instantaneous puffs and continuous plumes.
FIG. 7. Observed wind vector field for one 5-min period 1310 h
Figure 4 locates the sites of various meteorologi18 September for 22 stations usually at 10 m AGL.
cal sensors within an area of 6 km x 6 km. This spatial placement of the 14 surface stations (Ml-8 and
Ml0-15) ensured that microscale motions could be ree. Meteorological studies
solved and documented and that these data would be
Meteorological study objectives were to
usable to support model simulation, testing, and com6

6

1) document the behavior of the horizontal and vertical structure of the
boundary and surface layers of the
study domain on the synoptic, mesoscale, microscale, and on the turbulence scale as a function of time and
space;
2) characterize the terrain effects on the
boundary layer meteorology occurring during experimental periods;
and
3) run real-time, high-resolution simulations on-site during each of the experimental days.
Meteorological measurements collected during the field study documented
the time histories and diurnal cycles of
local variations of the synoptic variables,
the vertical structure of the boundary
layer, and the horizontal wind speed and
FIG. 8. Wind roses derived from observed
speed and direction at four selected stations (Ml,
M2, M7, and Ml3).
10
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the plume transport domain. Upper-air
soundings were performed off site at
the U. K. Meteorological Office field
site at Larkhill.
Figure 5 presents a time history of
wind speed and direction measurements for all towers, two sonic anemometers, and the synoptic weather
information for 16 September between 1200 and 2100 UTC. For the
same time period, Fig. 6 shows the
vertical structure of wind and temperature along with sonic anemometer
data. This clearly depicts the changes
from unstable to neutral to stable atmospheric conditions.
Measurements of the horizontal
FIG. 9. Micrometeorological parameters (5-min averages) calculated from the mean wind field of 14 stations exhibit
observed sonic anemometer (M17) data at the 7-m level for 23 September.
the spatial variability of the wind
direction and speed in Fig. 7 for
parisons along with the other measurements. A 15th 2240 UTC 21 September. An example of a wind rose
wind set (M9) was installed at 30 m on tower 2 to pro- of wind direction and speed for four selected stations
vide dual measurements at 10 and 30 m. Two addi- is presented in Fig. 8 from the measured speed and ditional wind sets were located near M25 and mounted rection data. Figure 9 provides calculated values of the
on the same mast at 6 and 10 m. Other sensors such resultant mean wind speed and direction, temperature,
as sonic anemometers (M16-17, M21, M25), SODAR, friction velocity, surface layer temperature scale, heat
and the boundary layer sonde (BLS) were clustered in flux, turbulent kinetic energy, and the Obukhov length
based upon turbulence measurements of u, v, w, and
temperature using a 3D sonic anemometer at 7-m level
(Mikkelsen and J0rgensen 1995). Note that the vertical lines and bars in Fig. 9 indicate the start, occurrence, and end of puff and plume release periods
between 1200 and 1830 UTC (the shaded area). Vertical profiles of wind speed from sonic systems and
temperature profiles from two independent systems at

FIG. 11. Vertical structure of potential temperature for 18 SepFIG. 10. Vertical profiles of mean temperature and wind speed tember at (a) 1728 and (b) 1817 UTC, measured by the boundary layer sonde.
from the sonic anemometer profile tower at M21.
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FIG. 12. Example of an instantaneous smoke puff at the point
of release.

two sites (M21 and M25) in the plume travel area produce vertical structures such as those given in Fig.
10. Figure 11 depicts the vertical structure of the potential temperature profile through the boundary layer
for 1728 and 1817 UTC 18 September.
f . Diffusion and concentration fluctuation
experiments
Puffs and plumes of smoke and SF were released
separately and simultaneously for these experimental
activities. When released simultaneously, smoke and
SF were also collocated at x, y, and z. In the Met Field
some distance from the smoke generators, propylene
gas was also disseminated for ion detection sensors
and measurements of these concentrations up to distances of 500 m.
6

6

1) PLUME AND PUFF BEHAVIOR

FIG. 13. Example of an instantaneous smoke puff exhibiting
shear in the vertical for downwind travel distances up to 220 m
and 107 s (ground-level view). The average wind speed was about
2 m s at this occasion.
_1

the same chemicals into a strong air jet from two constant flow rate pumps. The plume expands to a 1-m
diameter shortly after the release from the two jets.
Depending on the flow rates and the stability of the
atmosphere, the puffs and plumes could be made visible kilometers downwind. Figure 12 is a view of a
smoke puff at the time of release. The SF gas was also
mixed with the plumes and puffs for a reference to the
smoke measurements. Figure 13 shows a puff exhibiting elongation due to strong wind shear in the stable
surface layer. Figure 14 shows an aerial view of a continuous smoke plume.

Both continuous plumes and instantaneous puffs
were released close to the surface (0.5 and 2 m, respectively) during the experiments to gauge the diffusion
structure and behavior (Mikkelsen et al. 1995). Puffs
and plumes were generated by mixing liquid SiCl
(silicon-tetrachloride) and a 25% solution of NH OH
(Ammonia) in their proper stoichiometric ratio. Puffs
were generated by firing of a two-component cylindrical charge (100 ml of SiCl and 320 ml of NH OH)
with a burster tube filled with plastic explosive. The
2 ) CONCENTRATION FLUCTUATIONS
initial size of the puffs was 2-3 m in diameter.
Several means were used to detect, sense, and charContinuous smoke plumes were generated by mixing acterize the state of aerosols and their fluctuations with
6
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FIG. 14. Example of continuous smoke plume traversing the Bowl area (aerial view).

space and time. Two lidar, one visioceilometer (lidar),
and one SF real-time flame photometer were deployed
in the Bowl area. For the detection of propylene gas,
a set of five ultraviolet ion collectors was deployed
during short-range field experiments. Turbulence measurements, of course, were collected and calculations
were made to complement and support the highresolution phenomena being studied (see Fig. 9). Note
that each lidar was basically positioned to be normal
to the smoke plume and puff centerline of travel as
shown in Fig. 15.
One lidar (J0rgensen et al. 1997) was operating
with effective range resolution of 1.5 m and a time
6

FIG. 15. Experimental setup showing the plume release point
and travel (as a series of circles) and the lidar bearings with measured concentrations across the plumes noted as dark areas under the three curves.
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resolution of 3 s. Figure 16 displays the instantaneous concentration profiles with time,
showing that the plume had both
meander and varying values. A
cross section of the mean concentration distribution (in relative units) along the cross-wind
distance versus height is presented in Fig. 17 as a result of a
vertical scan by the lidar through
the smoke plume. An example
of the SF concentration values
across a plume width within a
smoke cloud is given in Fig. 18
FIG. 16. Lidar cross-section profiles (every 3 s) of a continuous smoke plume with time
fl
photometer with a
a

a s

in a fixed frame of reference exhibiting plume meander.

ame

FIG. 17. Isopleths of lidar mean concentration values vs cross-wind distance and height in relative units also defining both the
mean plume width and height.

sampling height of 2 m above ground, was transported
normal to the plume mounted on a moving vehicle.
The instantaneous plume width in this case was about
300 m at this downwind distance. The side-looking
visioceilometer also produced relative concentration
values of the smoke plume shown in Fig. 19. The
smoke was first sensed shortly after 1530 UTC and
continued to be detected for the duration of the release
exhibiting the meandering behavior. With two ways
of detecting and measuring concentrations of smoke
and SF in the same plumes and puffs, more definitive characteristics and behavior of the instantaneous
and mean concentrations can be firmly established.
6

FIG. 18. Instantaneous SF concentration values vs traversing
distance measured by a moving vehicle in the afternoon on 14
September at approximately 760 m downwind distance from the
source point.
6
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related parameters were simulated with high-resolution wind
models such as HRW (Cionco
1985), Ball and Johnson (Ball and
Johnson 1974; Weber and aufm
Kampe 1992), and LINCOM-T
(Santabarbara et al. 1994).
The HRW code was run 40
times during the 10 experimental days. Simulations of wind
and temperature fields are presented in Figs. 20a,b for southwesterly flow on 1449 UTC 18
September. The LINCOM-T
wind flow code was run to provide wind vector fields as are
shown in Fig. 21 to drive its
complementary diffusion code
FIG. 19. Visioceilometer cross-section profiles (every 3 s) with time in a fixed frame of as shown for 22 September in
reference also depicting plume meander.
p 2 . The RIMPUFF code
(Thykier-Nielsen et al. 1998)
3. High-resolution simulations at
was used to calculate transport and diffusion of smoke
MADONA
and gas tracer aerosols in the wind fields calculated
by LINCOM-T and assimilated to the 15 meteorologiSimulations of airflow and diffusion over the cal stations.
MADONA topography were made with a variety of
Additional analyses of the terrain effects upon the
models on site and in real time. Wind fields and wind- wind fields simulated by HRW were attempted, which
i g

2

FIG. 20. (a) Streamlines of the wind at 10 m AGL simulated by the HRW code, 1449 h 18 September for a 5 x 5 km domain with
100-m grid resolution over plotted onto terrain (contoured and labeled), (b) Temperature field at 10 m AGL simulated by the HRW
code, 149 h 18 September for a 5 x 5 km domain with 100-m grid resolution. The contours of temperature show that only minor
variations are occurring.
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stronger impact is shown to exist for the light southerly wind flow of 1415 UTC 17 September in Figs.
24a,b. There are only a few areas where a plume could
travel more than 300-400 m before its speed or direction would be modified by terrain effects in a disruptive manner. This example was run for 17 September,
verifying that it would have been difficult to maintain
a steady plume and constant positioning of the lidar
systems for a successful experiment. After numerous
attempts, plume and puff releases were canceled for
that day, 17 September.
4. Database and utility programs

FIG. 21. Streamlines from the LINCOM-produced wind fields
corresponding to the averaging period between 1355 and
1400 UTC during the experiment on 22 September 1992.

A CD-ROM, containing the comprehensive
MADONA experiments database, has been created
and is available on request for PC-based (DOS/Windows) computer systems (Ride et al. 1998). The data
on the MADONA CD-ROM database is subdivided
into background material, meteorology, dispersion,
and utility tools. The background material includes
digitized maps of the Porton Down topography, coordinates, and levels of the meteorological stations and

define areas of terrain influence and impact upon the
aerosols released at MADONA. The criteria to quantify the terrain effects are defined
to be light, moderate, or strong
impacts upon the speed and direction of the flow field. Wind
speed categories for the simulated wind field varied from
10% or less for light effects,
10%-50% for moderate effects,
and more than 50% for strong
effects with respect to the initialization wind speed. Wind direction categories are defined in a
similar set of classes but are
based upon degrees of wind direction differences such as less
than 10°, 10° to 30°, and more
than 30°, also with respect to the
initialization direction. Figures
23a,b present the simulated
streamline analysis and terrain
effects analysis depicting light
terrain influence and impact
upon the travel and behavior of
Real-time dispersion simulation of the experiment of 22 September is overplotted
the smoke/SF plume being ontoFIG.the22.Porton
terrain (light contour lines). Instantaneous surface concentrations
maintained in the Bowl area at (plume isolines) Down
calculated by RIMPUFF at 1400 h, 3 h after the start of release are shown.
1737 h on 15 September. A more LINCOM wind fields are used and updated every 5 min based on observed wind measuresignificant terrain effect and ments at the 15 meteorological stations.
6
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their instrumentation, the daily log book records of the
experiments with detailed information about each trial
setup, and comments on the local weather conditions.
The meteorology directory includes all measurements
from cups, vanes, thermometers, and sonics, timestamped and stored. Mean quantities have been reprocessed and stored in blocks of 5,10,20,30, and 60 min
averaging time. Similarly, turbulence statistics derived
from the sonic anemometers measurements have been
reprocessed over various averaging times and are
stored as covariance statistics of U, V, W and T, including shear-stress and Monin-Obukhov stability
length scale. While the sonic anemometer measurements were confined to diffusion trial periods only, the
cup and vane data are available for the entire 31 day
period. Data from the upper-air soundings are also
stored on the CD-ROM, along with measured SODAR
profiles. The dispersion data consist of time series of
instantaneous cross wind profiles of plume and puff
concentrations, obtained from range and extinction
corrected aerosol backscatter profiles measured by lidars. These data are contained at sampling rates of
1/3 Hz. Measurements of the SF crosswind profiles,
obtained from the traversing vehicle, are also included.
The MADONA CD-ROM's utility box contains a
comprehensive graphical data visualization presentation program, MADMOV (Weber et al. 1995). It visualizes in real time the MADONA trials graphically,
including each experiment's set
up of lidar's and release points,
and the simultaneous wind measurements at the 14 meteorological towers. Puff dispersion is
also visualized.
All meteorological data are
stored in ASCII compatible format. The lidar data can be converted to ASCII formats by
accompanying software.

so that the evolution of the wind behavior could be
documented for in-depth analysis and simulation.
More specifically during the nine experimental days,
the following grand totals of data were amassed: 240
h of surface layer winds (10-m level), 58 h 30 min of
Doppler sodar boundary layer data, 22 upper-air and
34 boundary layer sonde profiles, 186 h of fast response turbulence, 83 smoke puff events, 17 h 13 min
of smoke plumes, 130 plume concentration profiles

y

6

5. Summary

A summary of the various
data-gathering activities indicates
that the execution of MADONA
was highly successful. In addition to the nine experimental
FIG. 23. (a) HRW wind streamline simulation at 10 m AGL and (b) terrain influence and
days, 21 pre- and postexperi- impact
analysis at 10 m AGL are shown for 1737 h 15 September with input values of wind
mental days of continuous sur- direction = 240° and wind speed = 5.5 m s . Solutions are over plotted onto the Porton Down
face layer winds were collected terrain (light contour lines).
-1
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and 20 SF puff concentration time series, nine propylene events, and at least 40 on-site real-time model
simulations of the flow fields. Preliminary use of the
datasets shows the high quality and depth of the
MADONA database. These datasets initially were
processed and prepared in a structured way on a CDROM by CBDE, United Kingdom. The data tree approach was used to lay out the datasets for easy access
6

and management. MADONA scientists have finalized
the CD-ROM by including a visualization graphics
package (Weber et al. 1995) for all parts of the database. The CD-ROM is available on request from the
Ris0 National Laboratory, P.O. Box 49, Roskilde,
Denmark.
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Stochastic Lagrangian Models
of Turbulent Diffusion
Meteorological Monograph No. 48
by Howard C. Rodean
Until now, atmospheric scientists have had to learn the mathematical machinery of the theory
of stochastic processes as they went along. With this monograph, atmospheric scientists are given
a basic understanding of the physical and mathematical foundations of stochastic Lagrangian
models of turbulent diffusion. The culmination of four years of research, Stochastic Lagrangian
Models of Turbulent Diffusion discusses a historical review of Brownian motion and turbulent
diffusion; applicable physics of turbulence; definitions of stochastic diffusion; the Fokker-Planck
equation; stochastic differential equations for turbulent diffusion; criteria for stochastic models
of turbulent diffusion; turbulent diffusion in three dimensions; applications of Thompson's
"simplest" solution; application to the convective boundary layer; the boundary condition problem;
and a parameterization of turbulence statistics for model inputs.
©1996 American Meteorological Society. Hardbound, B&W, 84 pp., $55 list/$35 members
(includes shipping and handling). Please send prepaid orders to: Order Department,
American Meteorological Society, 45 Beacon St., Boston, MA 02108-3693.
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