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EXECUTIVE SUMMARY  

During the two seasons of the Southeast Queensland (SEQ) Cloud Seeding Research Program 

(CSRP), which took place between December 2007-March 2008 and November 2008-February 

2009, physical measurements related to cloud and precipitation processes were collected, and 

statistical cloud seeding trials were conducted in a randomized seeding experiment.  Findings 

from this program inform the recommendations presented herein. 

 

Current Assessment of Cloud Seeding Technologies in SEQ 

1. The results from the randomized seeding experiment in the SEQ CSRP can be 

summarized as follows: 

a. The statistical analysis results show similar tendencies (although based on a 

relatively small sample) to hygroscopic seeding experiments conducted in Mexico 

and South Africa where seeded clouds tended to rain over a longer time and larger 

area than unseeded clouds 

b. The infrastructure in SEQ allows for further focused research that could confirm 

the statistical results, as well as improve our understanding of the physical basis 

of the results from the current and previous cloud seeding studies 

c. As a next step, a study should be conducted to determine the scope and cost of an 

experimental program and to conduct a cost-benefit study on the potential 

additional water resources provided by cloud seeding compared to other 

alternatives. Initial estimates are encouraging and motivate more in-depth study. 

2. Any future application of cloud seeding as a technology for enhancing water resources in 

SEQ should be informed by the results of the physical measurements: 

a. Glaciogenic seeding (with silver iodide) would not be advisable in clouds in the 

coastal regions of SEQ 

b. Hygroscopic seeding is recommended for the convective clouds in the region 

c. Operations should be focused on the period of October to February (when the 

clouds most suitable for cloud seeding with hygroscopic flares are more likely to 

occur) 

d. Hygroscopic seeding may be even more effective in convective clouds with 

colder cloud bases, such as those observed earlier in the summer season, as well 

as possibly further inland 

e. Neither glaciogenic nor hygroscopic seeding would be effective in the deep 

summer widespread stratiform systems with weak embedded convection that 

sometimes traverse the region. These systems are naturally highly efficient at 

producing precipitation. 

3. A scientific research component should be included in any further work to gain further 

confidence in the results and to improve understanding of hygroscopic seeding processes.  

The randomized statistical results do indicate a tendency that seeding increased 

precipitation in convective clouds in the region; however, it is recommended that further 
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randomization experiments be included in any future operations.  These randomized 

cases will need careful analysis using high quality radar, preferably with dual-

polarization capability. 

4. Seeding aircraft used in any future work should be instrumented to measure temperature, 

pressure, humidity, three-dimensional winds, cloud droplet and particle spectra, and 

aerosol spectra. 

 

Enhanced Data Management and Access 

5. The data collected as part of the Queensland program is a unique data set that is of 

interest to many stakeholders with weather and climate applications and will be a long-

term resource (detailed data sets such as this are rare and are used for decades). Therefore 

a public-accessible, searchable data archive should be established for users to easily gain 

access to this data set and preserve it for future use.  Papers and publications developed 

using this information should also be made readily available through this repository. 

6. Key stakeholders should be made aware of the data arising from this project as this data 

set will have applications beyond cloud seeding, including: 

a. Improved operational quantitative rainfall estimation and forecasting 

b. Improved water resource/hydrological management tools (beyond cloud seeding) 

c. Improving understanding of severe weather events (e.g., ñThe Gap stormò) and 

development of high impact weather detection and forecasting 

d. Air quality and pollution monitoring and characterization. 

 

Further Analysis 

7. Detailed studies have been conducted on the meteorology of SEQ.  These studies have 

been conducted independently by several scientists and institutions and it is important 

that this work be synthesized and the results published. 

8. Numerical parcel, cloud-resolving, and mesoscale models together with the data collected 

should be used to improve understanding of precipitation processes, evaluate the seeding 

effects on precipitation, and refine the seeding methods for any future operational and/or 

research program. 

9. This was the first time that a dual-polarization radar was available to a project of this kind 

anywhere in the world.  Insufficient time was available in the contract period to conduct 

an in-depth analysis of this data as new analysis methods are required. The data can 

provide vital new insights in seeding effects on clouds and should be further analyzed. It 

is recommended that support for further analysis of this data be provided: 

a. To utilize the dual-polarization radar data to improve our understanding of natural 

and seeded precipitation formation and study changes in cloud microphysics and 

dynamics from seeding 

b. To validate the hygroscopic seeding conceptual model (that seeding modifies the 

initial drizzle and raindrop spectra aloft in clouds). 



 9 

REPORT OVERVIEW  

Water shortages have occurred in the Southeast Queensland region due to several years 

of reduced rainfall and increasing population.  As population in this region continues to increase, 

water management will continue to be a vital concern.  As a response, the Queensland 

Government has invested resources into studying the feasibility of precipitation enhancement via 

cloud seeding.  A very important part of this feasibility study is to obtain high-quality 

measurements of atmospheric conditions within the region as they pertain to cloud and 

precipitation processes.  Aerosol and microphysical measurements, in particular, can help 

determine if seeding could be beneficial and also help determine what the optimal seeding 

method would be with regard to its potential for enhancing precipitation in local clouds. 

The potential for such man-made increases in precipitation is strongly dependent on the 

natural microphysics and dynamics of the clouds that are being seeded (in this case microphysics 

means the size and concentration of water droplets and ice inside clouds).  These factors can 

differ significantly from one geographical region to another, as well as during and between 

seasons in the same region.  In some instances, clouds may not be suitable for seeding, or the 

frequency of occurrence of suitable clouds may be too low to warrant the investment in a cloud 

seeding program.  Both factors need to be evaluated from a climatological perspective.  It is 

therefore important to conduct preliminary studies on the microphysics and dynamics of the 

naturally forming clouds prior to commencing a larger, operational experiment.  It is also 

important to conduct hydrological studies relating rainfall with river flows and reservoir levels, 

and to determine hydrological regions where reservoir catchments are most efficient.  Seeding 

could then be optimized by preferentially targeting the most efficient watersheds. 

If shown to be feasible, the cloud seeding technique(s) should then be evaluated using a 

randomization procedure to demonstrate statistically that the seeding method works, and to 

quantify the increases achieved.  This approach is similar, for example, to what is commonly 

done in medical trials with a new drug.  Such a confirmatory randomized statistical experiment 

would become the second phase of a future program. 

Scientists from the National Center for Atmospheric Research (NCAR), the South 

African Weather Service (SAWS), and Weather Modification Inc. (WMI), in collaboration with 

the Australian Bureau of Meteorology (BoM), Monash University, the University of Southern 

Queensland, the Centre for Australian Weather and Climate Research (CAWCR), CSIRO, and 

MIPD Pty Ltd, conducted the feasibility study for rainfall enhancement via cloud seeding during 

the summer rainfall regime in Southeast Queensland in Australia.  The feasibility study included 

a range of measurement systems, some using novel technologies.  The most unique aspect of this 

study was the availability of a dual-polarization, dual-wavelength Doppler weather research 

radar (called CP2).  This is the first cloud seeding experiment that had a dual-polarization, dual-

wavelength radar available in addition to dual-Doppler radar coverage.  This is significant in that 

it is the first time the potential exists to observe the evolution of microphysical precipitation 

processes, such as precipitation particle type, number, and size, within a seeded cloud while at 

the same time observing the air flow patterns within the cloud. 
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Typically the evaluation of cloud seeding experiments has relied on statistical evaluation 

of the storm water mass, duration, size, and radar reflectivity.  These parameters are generally 

derived from weather radar observations, yet because of the very large natural variability in 

storm characteristics and the local meteorological environment that can dwarf any cloud seeding 

effects, a large sample size of randomized seeded and unseeded cases is required to obtain 

statistical significance.  Even then there is great uncertainty in the true understanding of physical 

mechanisms that were responsible for any seeding effect the statistical analysis might have 

suggested.  This project was undertaken in the hopes that through the use of physical 

measurements such as aircraft and a dual-polarization, dual-wavelength radar, precipitation 

microphysics processes could be more directly observed making it possible to understand cause 

and effect seeding relationships, thus not having to solely rely on statistical means that often 

generate controversy. 

Analysis efforts for the Queensland Cloud Seeding Research Program (CSRP) were 

therefore focused on three major areas for the greater Brisbane region: understanding the weather 

and climate, characterizing the atmospheric aerosol and cloud microphysics, and assessing the 

impact of cloud seeding to enhance rainfall.  These research efforts have produced a great 

number of results to date, although there are still some areas that require further analysis.  The 

data sets collected in the two field seasons are vast and unprecedented for a cloud seeding 

research project, and thus many varied research efforts can continue to utilize the Queensland 

CSRP data sets well into the future. 

The first effort in this feasilibility study is to understand the basic regional climatology of 

precipitation, including the weather patterns and conditions that drive convection, in order to put 

the cloud seeding and precipitation process analyses into context, as well as to determine the 

frequency of clouds that may be suitable for seeding within the region. 

Key questions to be answered by the climatology studies are: 

¶ How do the large-scale weather patterns and thermodynamic environment 

influence convective activity and precipitation production in the region?  What 

conditions are more favorable to producing convective precipitation, and what 

conditions yield the most rainfall? 

¶ What is the frequency and location of convection within the region that may be 

amenable to hygroscopic seeding? 

Since the primary goal of this project is to ascertain if cloud seeding is a feasible means 

for enhancing rainfall in the Southeast Queensland region, analyses to study the effects of cloud 

seeding are paramount. While the effects of seeding are often mostly based on randomized 

seeding statistical analyses, it is also important to gain a good physical understanding of seeding 

effects to be able to explain and support the statistics. Therefore, in order to fully understand the 

effects of cloud seeding, a working knowledge of the natural precipitation processes in the region 

is vital, including the environmental conditions that influence cloud microphysics (such as sub-

cloud aerosol particles).  The results presented herein provide an overview of the natural aerosol 

and cloud microphysical processes in Southeast Queensland clouds. 
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Key questions to be answered by the aerosol and microphysics studies are: 

¶ What are the naturally occurring aerosol and droplet size spectra?  How do these 

microphysical characteristics affect precipitation processes, such as warm rain 

formation? 

¶ What are the conditions in the mixed-phase regions of storms in Southeast 

Queensland?  How much liquid water is present in these regions, and how does it 

relate to the precipitation efficiency in these clouds?  Could they be made more 

efficient from hygroscopic seeding? 

The statistical results presented in this report are solely exploratory because no a priori 

statistical design was conducted for this program due to the lack of knowledge of natural cloud 

and precipitation processes in clouds at the start of the Queensland program.  However, the 

statistical analysis provides a first glance at potential effects of seeding and offers guidance for 

important physical analysis of the data to interpret the statistical results. For comparison, a 

statistical randomized seeding experiment very similar to those in South Africa and Mexico was 

conducted. 

Key questions to be answered by the cloud seeding assessment studies are: 

¶ What microphysical effects does seeding with hygroscopic material at cloud base 

have on clouds in Southeast Queensland? 

¶ What are new methods that can be developed to study the physical effects of 

seeding, especially those that utilize advanced radar and measurement 

technologies? 

The following is a summary of key results derived from the analysis of data collected 

during the 2007ï2008 and 2008ï2009 seasons in Southeast Queensland.  The results are broken 

down into three categories: weather and climate, aerosol and microphysics studies, and cloud 

seeding studies and assessment.  Each category is a crucial component to understanding the 

feasibility of seeding in Southeast Queensland. 

Weather and Climate  

Key findings: 

1. The wet season in Southeast Queensland is broadly between October and March, with 

NovemberïFebruary receiving the most rainfall and having the most atmospheric 

moisture. 

2. The synoptic cluster analyses and statistical tests have shown that Southeast Queensland 

can be divided into ówetô and ódryô weather regimes, with the ówetô regimes occurring 

most in summer and the ódryô regimes more in winter. This result is in itself not 

surprising, as this fact is already well known to the local population and forecasters, but 

this analysis has further quantified these regimes nonetheless. 
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a. The ówetô regimes are responsible for the majority of the regionôs rainfall and 
include the northwesterly and ómoistô southeasterly, easterly, and westerly 

regimes (from the seven-cluster analysis), or the northwesterly and (when 

unstable) the southeasterly regimes (from the three-cluster analysis).  The 

northwesterly regime contributes greatly to the total annual rainfall despite 

occurring less than 10% of the time. 

b. The ódryô regimes are predominantly the other southeasterly clusters (which is 
also the most common regime occurring year-round yet contributes very little to 

annual rainfall in the seven-cluster case), and the southwesterly regime, which is 

most common in winter  (in both the seven- and three-cluster cases). 

3. The southeasterly regime(s) tends to be less unstable than the northwesterly regime and 

can have a trade wind inversion below the freezing level, resulting in shallow convection 

with rain formed via warm rain processes and only light rain.  Given the tendency for 

higher instability and thus deeper convection in the northwesterly regime, this regime 

was also overrepresented in the aircraft measurements (as we tended to fly on days with 

convection, especially focusing on deep convection). 

4. Synoptic scale features (such as east coast lows) are generally the source of rain during 

the winter months. Variation throughout the wet season is also attributable to synoptic 

scale disturbances, as well as mesoscale features. 

5. The Southern Oscillation Index (SOI) appears to be positively correlated with 

precipitation rate, and more so with precipitable water (a measure of atmospheric water 

vapor), such that positive SOI (La Niña) corresponds to wetter conditions.  A tailored 

index using sea surface temperature (SST) off the east coast of Australia showed an even 

better positive correlation with precipitable water (higher SSTs relates to higher 

precipitable water in the Brisbane region).  These indices can be used for predicting 

potential seasonal precipitation, as well as to assist in understanding historical trends in 

precipitation. 

6. The radar climatology indicated that cell volume, area and height all followed truncated 

lognormal distributions. The same result was found when the three-cluster synoptic 

regimes were considered individually.  Nonetheless, the largest 20% of cells were found 

to be responsible for roughly 67% of the fractional areal coverage of precipitation. 

7. Studentôs t-tests applied to examine the relationship between the three clusters found that 

the precipitation area was significantly larger during the winter regime than during either 

of the summer regimes and cell-top height was significantly lower during the winter 

months than during the summer. 

8. Four regimes of surface wind flow conditions were revealed by HYSPLIT back trajectory 

modeling.  These regimes relate to surface aerosol conditions and were classified into two 

maritime regimes (northeasterly and east/southeasterly), and two continental regimes 

(northwesterly and west/southwesterly). 
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9. Based on the CG lightning activity alone, it suggests that the mixed-phase microphysics 

of clouds farther west is more vigorous than for those closer to the coast, where the CSRP 

domain is presently located. Cloud seeding with hygroscopic or glaciogenic flares may be 

more effective in that region. 

Aerosol and Microphysics Studies 

Key findings: 

1. Of the four HYSPLIT regimes, the northeasterly regime, on average, had the highest 

fraction of aerosol that served as CCN at the 0.3% supersaturation, while the westerly 

regime had the lowest.  These results indicate that a higher fraction of the maritime flow 

aerosol served as CCN (at 0.3% supersaturation) than from the continental flow (NWly, 

Wly) days, especially so for the westerly regime. 

2. The maritime flow (NEly and Ely) regimes have a more robust coarse mode in their 

aerosol size distributions, especially of particles >5 µm, compared to the continental 

(NWly and Wly) regimes. The Ely regime tends to have the weakest fine mode, and thus 

the overall cleanest conditions.  This is expected given the flow in this regime is coming 

straight in from the ocean.  The NWly regime often has a high number of fine particles 

and/or very few coarse particles.  The results show, however, that coarse mode particles 

in small concentrations were observed in all four regimes, although they were more 

common in higher concentrations in the NEly and Ely regimes. 

3. The CCN supersaturation cycle measurements also reiterate that the Ely regime is the 

cleanest regime overall with the lowest mean CCN concentrations at all measured 

supersaturations.  There was a general tendency for the NEly, NWly, and Wly regimes to 

have similar CCN levels at each supersaturation, all of which are roughly twice as high as 

for the Ely regime. 

4. The fine mode fraction of aerosols is dominated by sulfates and most of the CCN active 

particles are ammonium sulfate. In one case, which corresponded to an Ely regime day, 

the fine modes were dominated by small sea salt particles. The intermediate and coarse 

mode aerosols are a mix of dust and other particles (aluminosilicates). In the other two 

cases analyzed, there was no indication from any of the size fractions that the aerosol 

samples were of marine origin, and appeared more continental, possibly having an 

anthropogenic source (NEly regime day with back trajectory that passed over the city of 

Brisbane) or biomass burning source (NWly regime day).  The NEly day, however, did 

have some sodium-bearing particles that may be aged sea salt. 

5. The average maximum drop concentrations are similar for all regimes, however, ranging 

between 500 and 650/cc, and the results show that on average, the Wly and NWly 

regimes have the highest drop concentrations and smaller mean diameters, compared to 

the maritime NEly and Ely regimes. 

6. The NEly and Ely regimes have the highest concentrations of drops greater than 20 µm, 

which can indicate a greater likelihood that collision and coalescence will be active in 
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clouds in this regime.  This is also possibly related to the fact that both of these regimes 

had a strong coarse mode of aerosol particles. 

7. The tendencies in the results show that the mean diameter and concentration of large 

drops (>20 µm) in each regime are larger and/or higher in seeded clouds than in the 

natural (non-seeded) clouds.  This is consistent with the first step of the hygroscopic 

seeding conceptual model and is also the same trend observed in the season one results. 

8. During the early part of the season, when cloud bases are generally higher, coalescence 

could be delayed, ice multiplication may not occur, and thus first ice will only form at 

temperatures colder than ī10
o
 C. Hygroscopic seeding may be more effective in these 

clouds by providing earlier coalescence and possibly the onset of a more efficient ice 

process. 

9. Clouds in Southeast Queensland generally develop precipitation initially via the ñwarm 

rainò process that then results in a more efficient mixed-phase process in deeper 

convective systems that extend above the freezing level. Seeding with hygroscopic flares 

could potentially enhance the ñwarm rainò process, but glaciogenic seeding would not be 

advised in these conditions. 

10. These results would also explain the lack of intense lightning storms in the coastal 

regions as observed during the field efforts, since liquid water content in the mixed-phase 

region (necessary for storm electrification) is often rapidly depleted due to efficient 

mixed-phase processes and ice multiplication. 

11. Deep stratiform systems are occasionally observed in the region, yet our observations 

indicate that the natural precipitation processes are very efficient in these systems.  Thus, 

neither hygroscopic or glaciogenic seeding may have any effect and glaciogenic seeding 

may actually have a negative effect. 

Cloud Seeding Studies and Assessment 

Key findings: 

1. The statistical results indicate that seeded clouds tend to produce more rain than unseeded 

clouds due to longer lifetimes and producing rain over a larger area. The results show the 

same tendencies as were observed in previous experiments in South Africa and Mexico 

that used the same hygroscopic seeding techniques. 

2. The sample size has a strong impact on the statistical results.  Efforts have been made to 

use appropriate analysis techniques to interpret and understand the data and results. The 

sample size at this stage does not contain enough samples to provide an unambiguous 

statistical result. Therefore, future operations should focus on increasing the randomized 

sample size or attempt to design (a priori) a new confirmatory randomized experiment. 

3. The statistical analysis indicates that the seeded cases tend to live longer than the 

unseeded cases after seeding decision time, indicating a potential enhancement in storm 

duration from hygroscopic seeding, as shown by the decreased hazard rate for seeded 
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storms. These results are similar to those found in the South African and Mexican 

experiments, but must be viewed with caution, as they are not statistically significant at 

the 95% level due to the small sample size (see below). 

4. The statistical analysis indicates that the difference between the height of the maximum 

reflectivity and the reflectivity centroid in the seeded cases seemed to increase 10 to 20 

minutes after seeding commenced.  This result remained consistent regardless of the 

selection criteria, and is also consistent with the results of Mather et al. (1997). 

5. A general tendency for seeded drop size distributions to have larger mean diameters and 

higher large (>20 µm) drop concentrations in seeded clouds compared to non-seeded 

clouds was observed in the season one dual-aircraft measurements, as well as in the 

season two microphysical measurements.  These observations suggest that the first step in 

the hygroscopic seeding conceptual model is occurring. Droplet concentrations in the 

Queensland clouds are very similar to those observed in South Africa and Mexico. 

6. New techniques to study seeded versus non-seeded cells are being developed, to extend 

the analysis beyond the traditional statistical analysis that uses reflectivity only (via 

TITAN), by utilizing dual-polarization and dual-Doppler data from the CP2 radar.  These 

methods are in their infancy, but are valuable tools to help understand the physics of any 

potential seeding effect. 

7. Preliminary analyses indicate that suitable targets for seeding are major contributors to 

overall seasonal rainfall. Assuming a 20% increase in precipitation by seeding, this could 

result in upwards of a 5% increase in ground-measured rainfall per catchment. 

8. Although the initial statistical results from this limited data set seem to behave in a 

similar manner as was found for the South African and Mexican experiments, the current 

results will have to be interpreted with caution because they are not yet statistically 

significant and there is a possibility that the results could still be due to chance. 

Recommendations: 

The findings presented above inform the following recommendations: 

1. The results from the randomized seeding experiment in the SEQ CSRP can be 

summarized as follows: 

a. The statistical analysis results show similar tendencies (although based on a 

relatively small sample) to hygroscopic seeding experiments conducted in Mexico 

and South Africa where seeded clouds tended to rain over a longer time and larger 

area than unseeded clouds 

b. The infrastructure in SEQ allows for further focused research that could confirm 

the statistical results, as well as improve our understanding of the physical basis 

of the results from the current and previous cloud seeding studies 

c. As a next step, a study should be conducted to determine the scope and cost of an 

experimental program and to conduct a cost-benefit study on the potential 
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additional water resources provided by cloud seeding compared to other 

alternatives. 

2. Any future application of cloud seeding as a technology for enhancing water resources in 

SEQ should be informed by the results of the physical measurements: 

a. Glaciogenic seeding (with silver iodide) would not be advisable in clouds in the 

coastal regions of SEQ 

b. Hygroscopic seeding is recommended for the convective clouds in the region, 

c. Operations should be focused on the period of October to February (when the 

clouds most suitable for cloud seeding with hygroscopic flares are more likely to 

occur) 

d. Hygroscopic seeding may be even more effective in convective clouds with 

colder cloud bases, such as those observed earlier in the summer season, as well 

as possibly further inland 

e. Neither glaciogenic nor hygroscopic seeding would be effective in the deep 

summer widespread stratiform systems with weak embedded convection that 

sometimes traverse the region. These systems are naturally highly efficient at 

producing precipitation. 

3. A scientific research component should be included in any further work to gain further 

confidence in the results and to improve understanding of hygroscopic seeding processes.  

The randomized statistical results do indicate a tendency that seeding increased 

precipitation in convective clouds in the region; however it is recommended that further 

randomization experiments be included in any future operations.  These randomized 

cases will need careful analysis using high quality radar, preferably with dual-

polarization capability. 

4. Seeding aircraft used in any future work should be instrumented to measure temperature, 

pressure, humidity, three-dimensional winds, cloud droplet and particle spectra, and 

aerosol spectra. 

5. The data collected as part of the Queensland program is a unique data set that is of 

interest to many stakeholders with weather and climate applications and will be a long-

term resource (detailed data sets such as this are rare and are used for decades). Therefore 

a public-accessible, searchable data archive should be established for users to easily gain 

access to this data set and preserve it for future use.  Papers and publications developed 

using this information should also be made readily available through this repository. 

6. Key stakeholders should be made aware of the data arising from this project as this data 

set will have applications beyond cloud seeding, including: 

a. Improved operational quantitative rainfall estimation and forecasting 

b. Improved water resource management tools (beyond cloud seeding) 

c. Improving understanding of severe weather events (e.g., ñThe Gap stormò) and 

development of high impact weather detection and forecasting 

d. Air quality and pollution monitoring and characterization. 
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7. Detailed studies have been conducted on the meteorology of SEQ.  These studies have 

been conducted independently by several scientists and institutions and it is important 

that this work be synthesized and the results published. 

8. Numerical parcel, cloud-resolving, and mesoscale models together with the data collected 

should be used to improve understanding of precipitation processes, evaluate the seeding 

effects on precipitation, and refine the seeding methods for any future operational and/or 

research program. 

9. This was the first time that a dual-polarization radar was available to a project of this kind 

anywhere in the world.  Insufficient time was available in the contract period to conduct 

an in-depth analysis of this data as new analysis methods are required. The data can 

provide vital new insights in seeding effects on clouds and should be further analyzed. It 

is recommended that support for further analysis of this data be provided: 

a. To utilize the dual-polarization radar data to improve our understanding of natural 

and seeded precipitation formation and study changes in cloud microphysics and 

dynamics from seeding 

b. To validate the hygroscopic seeding conceptual model (that seeding modifies the 

initial drizzle and raindrop spectra aloft in clouds). 
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1 Introduction  

Many regions of Australia have been experiencing a severe drought over the past few 

years. In response, the Queensland government decided to explore the potential for cloud seeding 

to enhance rainfall.  The potential for such man-made increases in rainfall using cloud seeding is 

strongly dependent on the natural microphysics (i.e., the size and concentration of water droplets 

and ice particles inside clouds) and dynamics (i.e., the forces affecting air motions in and around 

clouds) of the clouds that are being seeded.  Microphysics is in turn dependent on background 

aerosol levels, because it is the aerosol particles that attract water vapor to form cloud droplets, 

and in cold clouds, ice particles.  Furthermore, the types and concentrations of aerosol particles 

can be influenced by trace gases (i.e., air pollution).  Given these dependencies, the microphysics 

of clouds can differ significantly from one geographical region to another, and even between 

seasons in the same region.  In some instances, clouds may not be suitable for seeding, or the 

frequency of occurrence of suitable clouds may be too low to warrant the investment in a cloud 

seeding program. Both factors need to be evaluated in a climatological sense or at least they 

should be evaluated over a sufficient period of time to account for natural variations.  This 

requires conducting preliminary studies on atmospheric aerosols, pollution levels, and cloud 

microphysics and dynamics prior to commencing a large cloud seeding effort.  If the targeted 

measurements and additional data show sufficient evidence that clouds would be positively 

affected by cloud seeding, the cloud seeding technique(s) should then be evaluated using a 

randomization procedure to statistically demonstrate that the seeding method is effective and 

measurable.  This approach is similar, for example, to what is commonly done in medical trials 

with a new drug.  Such a seeding feasibility study was conducted in the Southeast Queensland 

region December 2007ïMarch 2008 and again from October 2008ïFebruary 2009.  In both 

seasons of the field effort a preliminary exploratory randomized study was also performed. 

Scientists from the National Center for Atmospheric Research (NCAR) the South African 

Weather Service (SAWS), and Weather Modification Inc. (WMI), in collaboration with the 

Australian Bureau of Meteorology (BoM), Monash University, the University of Southern 

Queensland, the Centre for Australian Weather and Climate Research (CAWCR), CSIRO, and 

MIPD Pty Ltd, conducted the feasibility study for rainfall enhancement via cloud seeding during 

the summer rainfall regime in Southeast Queensland in Australia.  The feasibility study included 

a range of measurement systems, some using novel technologies.  The most unique aspect of this 

study was the availability of a dual-polarization, dual-wavelength Doppler weather research 

radar (called CP2). This type of advanced weather radar has been identified in a report (National 

Academy of Sciences, 2003) by the U.S. National Research Council (NRC) of the National 

Academy of Sciences (NAS) as essential to address some of the outstanding questions related to 

the assessment of rainfall enhancement.  The CP2 was acquired by the BoM as part of a joint 

agreement with NCAR that continued previous joint research activities.  The considerable radar 

expertise within CAWCR and NCAR is a major factor contributing to this program.  In addition 

to the CP2 radar, the collaborative study entailed all necessary aspects of a cloud seeding project, 

including: airborne chemistry, aerosol, and cloud physics measurements; assessment and 

enhancement of weather radar capabilities (additional hardware and software for collection of 

quantitative data); and analyses of field data.  These efforts build on the experience gained from 

programs in other parts of the world. 
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 This report describes the results of the scientifically based Cloud Seeding Research 

Program (CSRP) conducted to evaluate the feasibility for using cloud seeding technology, 

specifically hygroscopic seeding, to enhance rainfall.  The following chapters include 

preliminary results from climatology studies, aerosol and microphysical process studies, and 

cloud seeding assessment studies. 

1.1 Project Objectives 

The scientific objectives for the initial feasibility studies were to make preliminary assessments 

of: 

1) the climatological characteristics of precipitation and in particular the frequency of 

clouds suitable for seeding 

2) the approaches necessary to obtain robust estimates of precipitation amount and retrieve 

microphysical properties of the clouds 

3) the effect of cloud seeding on storm microphysics and dynamics, including precipitation 

particle types, number and size of precipitation particles and horizontal and vertical air 

motions, to determine if there is evidence of increased secondary convective storm 

initiation and/or precipitation enhancement from cloud seeding. 

1.2 Personnel, Facilities, Training 

1.2.1 Personnel 

1.2.1.1 Operations Director 

In both seasons, Roelof Bruintjes and Sarah Tessendorf acted as the primary Operations 

Directors, with brief periods of leave covered by Mike Dixon. The Operations Director worked 

from the Operations Center, managing and directing the day-to-day operations and personnel. 

Decisions were made after assessment of the daily forecast, including calling for aircraft 

operations (coordinating with the personnel at the Archerfield hangar), guiding the aircraft to 

suitable areas/clouds for investigation and seeding, and ensuring that proper data collection was 

taking place. The Operations Director worked closely with all personnel, particularly those at the 

Archerfield hangar and CP2 Operations Center. 

1.2.1.2 Radar operations 

The Operations Director oversaw radar operations; however, at least one radar scientist 

was on site to handle the responsibility of changing scanning strategies according to the mission 

objectives. The radar scientist was also responsible for monitoring the development of 

clouds/storms, as well as the progress of the current radar objective/mission.  The radar scientists 

during both seasons included Justin Peter, Jim Wilson, Ed Brandes, Rita Roberts, Mike Dixon, 

Peter May, and Acacia Pepler.  Alan Seed also helped with radar operations in season one, and 

Eric Nelson and Louise Wilson helped in season two.  The radar hardware and software were 

regularly maintained by Ken Glasson, the CP2 radar engineer.  This included periodic 
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maintenance, calibration checks, general troubleshooting, and radar data archival.  Mike Dixon 

and Phil Purdam led the software development and implementation efforts. 

1.2.1.3 Forecaster 

In season one, Justin Peter provided the daily forecasts, and in season two several BoM 

staff served terms as the project forecaster (including Scott Collis, Tony Bannister, Harald 

Richter, and Peter May).  The daily forecasts resulted in designating the flight plan options for 

the day.  The plan for the day was communicated by the Operations Director to the pilots and 

crew at the Archerfield hangar by around 10 AM each day at the daily weather/flight briefing 

and plans for flights were decided at this time. Changes in meteorological conditions were 

monitored throughout the day and occasionally the plan was adjusted to reflect significant 

changes. Besides the daily forecast, outlooks for the following 2ï3 days were issued by the 

forecaster to assist in staffing decisions for future operations. Another important function of the 

forecaster was to archive weather data, such as upper air soundings, synoptic charts, satellite 

imagery, and local meteorological observations. 

1.2.1.4 Pilots 

Pilots experienced in cloud seeding operations are critical to the successful 

implementation of the operations plan.  For the SAWS ñSEEDA1ò research aircraft, Ret 

Orsmond, a pilot with a long history of cloud seeding operations, was available to the project for 

carrying out research flight operations in season one, along with his crew of pilots (Hans Kruger, 

Gary Wiggins, and John Hingst). Gary Wiggins and John Hingst were the pilots for SEEDA1 in 

season two.  In season one, the MIPD/WMI pilots conducted the primary cloud seeding 

operations, and included pilots experienced in cloud seeding operations from WMI (Jim Carr) 

and from MIPD (Neville OôDonnell, Paul Brady, and Greg Choma).  Pilots were also responsible 

for taking in-flight notes and submitting their flight notes/reports to the Data Managers on a daily 

basis. 

1.2.1.5 Aircraft and instrument maintenance 

Periodic calibration checks, aircraft instrument maintenance, and general troubleshooting 

of aircraft instrumentation were performed by the instrument technician. Steve Edwards served 

in this role in both seasons, with Nico Mienie also filling in this role in season two.  Aircraft 

maintenance was monitored and performed on the SEEDA1 aircraft by Harold McGarry (both 

seasons) and Rafe Zerby for WXMOD in season one.  An instrument scientist flew on each 

research flight, to operate and monitor instrument function during flight.  These personnel 

included Stephen Broccardo, Xolile Ncipha, and Shaazia Bhailall, and in season two Jared 

Lodder and Nicola Walton also flew as flight scientists. 

1.2.1.6 Data Managers 

Data management was distributed among all the personnel, under the direction of the 

Operations Director. An important part of this effort involved regular reporting of the instrument 

and data status to the Operations Director and throughout the project staff.  Ian Craig and Li 

Fitzmaurice were the primary contacts for the gathering and archiving of project data in season 
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one and Ian Craig and all flight scientists assisted with this effort in season two.  Aircraft 

operations report writing duties were shared by Ian Craig, Martin van Nierop, Nico Kroese, 

Karel de Waal, and Stuart Piketh in season one, and led by Ian Craig in season two.  Radar report 

writing duties were shared by the Radar Scientists and Operations Director.  Roelof Burger, 

Duncan Axisa, Bruce Woodcock (Aventech), and Bill Dawson (DMT) provided assistance with 

aircraft data processing and quality checks. 

1.2.2 Airborne measurements 

Two aircraft were used during the first season of the project: one was primarily a research 

aircraft, but also could serve as a secondary seeding aircraft if conditions warranted; the second 

aircraft was the primary seeding aircraft.  In season two, the research aircraft also served as the 

seeding aircraft for a single aircraft operation.  The research aircraft was the South African 

Weather Service (SAWS) Aerocommander (ZS-JRA; call sign SEEDA1; Figure 1.1b).  It carried 

flare racks on each wing (10 burn-in-place hygroscopic or silver iodide flare capacity each), and 

had a full suite of atmospheric instrumentation (see section 1.2.2.1).  The season one primary 

seeding aircraft was the Weather Modification Inc (WMI)/MIPD Piper Cheyenne II (N747RE; 

call sign WXMOD; Figure 1.1a).  It carried flare racks on each wing (12 burn-in-place 

hygroscopic or silver iodide flare capacity each) and an undercarriage ejectable silver iodide 

flare rack (306 flare capacity). 

a) b)  

Figure 1.1. Photo of the a) WXMOD seeding aircraft, and b) SEEDA1 research/seeding 

aircraft (a: Courtesy MIPD/WMI, b: Courtesy Scott Collis).  

1.2.2.1 Instrumentation 

The research aircraft had a suite of instruments capable of taking trace gas, aerosol, and 

microphysical measurements in the Brisbane region, and in treated or untreated clouds (see Table 

1.1 for list of instrumentation on board in each season).  These instruments were monitored by an 

in-flight scientist, and maintained by an instrument technician to ensure all instruments were 

functioning properly. 
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Table 1.1.  List of instrumentation on SEEDA1 (ZS-JRA Aerocommander). 

Instrument  Purpose/Comment Range  

 State Variables  Season 

Rosemount Temperature, 

Static and Dynamic Pressure, 

and GPS parameters 

Temperature, pressure, altitude, TAS, and 

location ï recorded on telemetry box and on 

the data system (SAWS) 

multiple Both 

Edgetech Dew point sensor Moisture content (NCAR) ī40° to 60° C 2 

Vaisala Temperature and 

Relative Humidity 

Secondary temperature and moisture content 

(SAWS) 

ī50° to 50° C, 

0ï100% 

Both 

AIMMS-20 probe Temperature, relative humidity, pressure, 

three-dimensional wind components 

multiple Both 

 Cloud Physics   

PMS FSSP Cloud droplet spectra (SAWS) 0.5ï47 mm 1 

DMT SPP-100 FSSP Cloud droplet spectra (SAWS) 0.5ï47 mm Both 

PMS 2D-C Small precipitation particle size, concentration 

and shape (SAWS) 
25ï800 mm 1 

PMS 2D-P Large precipitation particle size, concentration 

and shape (SAWS) 
200ï6400 mm 1 

DMT CIP Small precipitation particle size, concentration 

and shape (NCAR; part of CAPS probe listed 

below) 

25ï1550 mm Both 

DMT PIP Large precipitation particle size, concentration 

and shape (NCAR) 
100ï6200 mm 2 

PMS Hot-wire (King) Liquid 

Water Content (LWC) Probe 

Liquid water content (SAWS) 0.01ï3 g m
-3

 Both 

DMT CAPS probe Aerosol through precipitation size 

spectrometer; LWC; CIP; static and dynamic 

pressure; temperature (NCAR) 

multiple Both 

 Aerosols   

DMT CCN Counter Cloud condensation nuclei concentration and 

spectra (WITS) 

Depends on 

Supersaturation 

Both 

Texas A&M DMA Fine mode aerosol spectra and concentration 

(NCAR) 
0.01 to 1 mm Both 

PCASP Aerosol concentration and spectra (WITS) 0.1 to 3 mm 1 

DMT SPP-200 PCASP Aerosol concentration and spectra (WITS) 0.1 to 3 mm 2 

ASU Aerosol Particle 

Sampler 

Aerosol chemical composition (NCAR) N/A Both 

 Trace Gases   

TECO SO2 (43c) Sulfur dioxide (WITS) 0ï100 ppm Both 

TECO O3 (49i) Ozone (WITS) 0ï200 ppm Both 

TECO NOy (42c) Nitrogen oxides (NCAR) 0ï100 ppm Both 

TECO CO (48c) Carbon monoxide (WITS) 0ï10,000 ppm 1 

 Cloud and Situation Imagery   

Digital still camera To show development of clouds and treatment 

situations for historical purposes 

N/A Both 



 23 

1.2.2.2 Data quality 

Data quality checks were performed in the field on a regular basis to assess instrument 

performance and diagnose instrument maintenance needs. The full suite of instruments in these 

two field seasons provided multiple measurements of key microphysical fields and thus allowed 

for intercomparisons of these measurements to assess instrument performance and data quality. 

More detailed data quality analysis has been completed post-field and show very good data 

quality, especially in season two.  The details of these data quality studies and instrument 

intercomparisons are presented in Section 7.1 (Appendix A). 

1.2.3 Radar measurements 

The Australian Bureau of Meteorology (BoM) runs a large network of weather radars, 

predominantly around the coast of Australia.  A number of these radars cover the area around 

Brisbane (see Table 1.2). 

Table 1.2. BoM radars in the Brisbane region. 

Site Latitude 

(deg) 

Longitude 

(deg) 

Type Wavelength Scan 

interval  

Grafton 29.620 S 152.970 E WSR 74S 10 cm 10 min 

Moree 29.500 S 149.850 E  WF100C 5 cm 10 min 

Mt Stapylton 27.718 S 153.240 E Gematronik Doppler 10 cm 6 min 

Marburg 27.61 S 152.54 E EEC WSR 74S 10 cm 10 min 

Mt Kanigan 25.957 S 152.577 E EEC DWSR 8502S 10 cm 10 min 

Some of the BoM radars scan a full volume once every 10 minutes, while others do this 

once every six minutes. In order to get more frequent data for this project, the BoM modified the 

scanning strategy for the Mount Stapylton radar to once every 6 minutes. This was important for 

dual-Doppler coordination with the CP2 research radar. 

The CP2 radar, originally developed and owned by NCAR, was obtained by the BoM in 

2007 and set in Redbank Plains to the southeast of Brisbane (Figure 1.2).  CP2 is actually two 

co-located radars, the main radar being an S-band (10 cm) unit and the smaller radar being an X-

band (3 cm) unit. The X-band antenna piggybacks on the main S-band antenna (see Figure 1.2.), 

and is designed to view the same sample volume as the S-band radar.  The technical 

characteristics of CP2 are described by Bringi and Hendry (1990). The CP2 facility is supported 

by BoM personnel who visit the site regularly for routine maintenance and repairs. 

The CP2 system was subjected to major refurbishment work at NCAR.  As part of the 

joint activities of the Queensland CSRP, all drive gearboxes were refurbished, a new transmitter 

focus coil assembly power supply was installed, along with a new ceramic thyatron with 

associated solid state trigger drive circuitry.  Following system acceptance tests, CP2 was 
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shipped to Australia for installation with spare modules and components for all updated systems.  

A modern digital receiver and signal processing system is employed based on the NCAR PIRAQ 

III signal processing unit along with a new antenna control and data display system. 

 

Figure 1.2. CP2 site infrastructure at Redbank Plains: Antenna and pedestal are within an 

inflated radome mounted over housing for office, storage and transceiver (left); CP2  

S-band and X-band antennae (right). 

1.2.3.1 Data collection and display software 

The data from each BoM radar is stored in the RAPIC (RAdar PICture) data format. Each 

RAPIC file contains data from a single radar volume. The RAPIC data is transmitted from each 

radar site to a number of central BoM data servers.  The BoM set up software to copy RAPIC 

data from the radars listed in Table 1.2 from the Brisbane office to the CP2 radar operations 

center. NCAR software running at CP2 converts the RAPIC data into NCAR Meteorological 

Data Volume (MDV) files. The data from the CP2 radars is obtained using the NCAR PC-based 

Integrated Radar Acquisition (PIRAQ) system. This PIRAQ system produces radar time series 

data that is transmitted to computers running the NCAR TITAN software system, which then 

computes the radar fields from the time series and stores the data in MDV files. 

1.2.3.1.1 Storm tracking and display software 

The TITAN system includes the capability to automatically identify and track storms in 

three-dimensional radar data, such as the merged mosaic. These storm tracks can then be 

displayed on a special purpose TITAN display called Rview.  For a full description of the 

TITAN storm tracking and analysis capabilities, see: 

http://www.rap.ucar.edu/projects/titan/home/index.php 

Rview is actually a pair of displays.  The main Rview display shows the radar data grid, 

both in plan view and in a vertical section through the 3-D radar data.  Superimposed on these 

data are the identified storm shapes, including the current, past, and future (or forecast) storm 

shapes depending on the operational mode of the display (Figure 1.3).  A secondary display, 

http://www.rap.ucar.edu/projects/titan/home/index.php
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TimeHist (for Time History) shows the time history of tracks selected on the main Rview display 

(Figure 1.4). 

 

Figure 1.3. Rview display, showing storms in the southern dual-Doppler lobe (yellow 

circles).  Orange line shows aircraft flight track for SEEDA1.  Yellow numbers over the 

storm area show the maximum radar reflectivity.  Cyan lines outline the storm shape at the 

current time. 

a) b) c)  

Figure 1.4. TimeHist window showing a) the time history of storm: volume (gray), area 

(cyan), radar-estimated precipitation flux (green), radar-estimated mass (magenta) and 

vertically integrated liquid (VIL) (yellow); b) the time -height profile of storm reflectivity.  

The yellow line shows the storm top as estimated by the 18 dBZ contour.  The numbers 

indicate the height of the maximum reflectivity over time; and c) various estimates of hail 

severity over time. 



 26 

1.2.3.1.2 CIDD display software 

The Cartesian Interactive Data Display (CIDD) is the main user display for the radar 

system. The images showing the merged radar product (see section 1.2.3.2.1) were all produced 

by CIDD.  Although CIDD cannot show storm track data with the same detail as Rview, it is a 

more versatile display that allows the user to overlay products such as aircraft tracks, surface 

station data and lightning data on top of radar grids (Figure 1.5).  CIDD also has the ability to 

show high-resolution Range-Height-Indicator (RHI) displays of radar data taken by scanning 

vertically through a storm rather than by the more normal horizontal scanning mode (Figure 1.6). 

 

Figure 1.5. CIDD-generated image showing various products overlaid on the radar data: 

aircraft track (orange line), surface temperature and dew point (red/gray text), surface 

wind (green winds barbs), segment along which a vertical cross section or RHI is being 

displayed (thick yellow line), and location of RHI scans (white tick marks). 
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a)  b)  

Figure 1.6. CIDD-generated Range-Height-Indicator (RHI) display showing a detailed 

vertical slice through a storm: (a) reflectivity and (b) Doppler radial velocity. 

1.2.3.2 Enhancements 

1.2.3.2.1 Merged radar images 

In order to get the óbig pictureô about the weather in the Brisbane area, data from the 

individual operational radars were combined into a regional óradar mosaicô.  Of the five 

operational radars, four were operated on a 10-minute cycle, and one (Mt. Stapylton) was 

operated on a six-minute cycle. Therefore it was decided to create a mosaic once every 10 

minutes.  To create the mosaic, the data from each radar was interpolated from its respective 

radar space grid to a common Cartesian grid, and the merged reflectivity field was then 

calculated by taking the maximum reflectivity at each grid point. 

Figure 1.7 shows the extent of the data in the merged radar grid for heights of 1.0 km 

MSL and 1.75 km MSL respectively. Because of earth curvature effects, radars are not able to 

óseeô weather close to the ground at longer ranges. Therefore, full coverage is only obtained at 

some finite height above the ground, in this case 1.75 km.  Figure 1.8 shows an example of the 

merged radar coverage of storms that occurred on 2008/02/05 just before 07:00 UTC. The storms 

at that time were quite widespread and were detected by all five operational radars.  Figure 1.9 

shows the storms as seen by each of the five radars individually.  The merged data is a  

three-dimensional grid, which covers an area of 600 km by 600 km centered on the CP2 radar 

site.  The lowest plane in the grid is at 1 km MSL and the top plane is at 10.5 km MSL.  The 

resolution of the grid is 0.75 km in each of the three coordinate directions (x, y, z). 
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a) b)  

Figure 1.7. Coverage of the merged BoM radars, at a height of a) 1.0 km MSL and b) 1.75 

km MSL.  

 

Figure 1.8. Example of merged radar mosaic from 2008/02/05 at 06:56:08 UTC. 
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a) b) c)  

d) e)  

Figure 1.9. Example of radar coverage from a) Mt Kanigan, b) Marburg, c) Mt Stapylton, 

d) Grafton, and e) Moree on 2008/02/05 at 06:56:08 UTC that contributed to the merged 

mosaic shown in Figure 1.8. 

1.2.3.2.2 Dual-Doppler capabilities 

In addition to measurements of reflectivity (related to precipitation content of a system) 

Doppler weather radars measure the precipitation radial velocity. Using a single Doppler radar it 

is difficult to resolve storm circulations and upward motions.  However, by combining data from 

two nearby Doppler radars, in the case of the CSRP field program the CP2 research radar and the 

Bureau of Meteorology Mt Stapylton operational radar, it is possible to reconstruct the three-

dimensional flow field. A traditional way of determining the area where retrievals can 

dependably be carried out is to map out the area where the angle of intersection between the 

beams of radar varies between 150 and 30 degrees. This is known as the dual-Doppler lobes 

(shown for CSRP in Figure 1.10). 

Pioneer work on dual-Doppler wind retrievals is documented in Ray et al. (1980) and 

later enhancements in Scialom and Lemaitre (1990). Our system is based on that described in 

Protat and Zawadzki (1999). The algorithm used is similar to a three-dimensional variational 

assimilation scheme used to initialize numerical weather prediction models. 
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Figure 1.10.  The dual-Doppler lobes of the CP2 and Mt Stapylton radars overlaid on the 

CSRP domain. 

The algorithm minimizes the difference between the radial projection of the current guess 

for the three-dimensional flow field and that measured by the two Doppler radars. Since the 

projection of the vertical component of wind velocity onto the viewing angle of the radar beams 

is small (for most cases) owing to the scanning strategy generally employed in radar meteorology, 

the measured radial velocities are insensitive to vertical motions. This requires the use of an 

additional constraining model to allow for the retrieval of vertical motions. In our case we use 

the anelastic mass continuity equation as well as a smoothing model. The smoothing model 

ensures that noise in the radial measurement does not overwhelm the calculation used to apply 

the continuity constraint. The quality of the retrieval is limited by random and systematic errors 

in the radial velocity data as well adequate capturing of the storm dynamics (i.e. ensuring that 

storm top and base are captured in the scan by both radars to facilitate the vertical integration of 

the constraining equation). 

As an illustration of the dual-Doppler potential of the CSRP data set, Figure 1.11 shows a 

retrieval for a shallow (warm rain processes) precipitating system to the south of the CP2 radar. 

The left-hand panel shows an overhead view of a horizontal cross-section through the system at 

an altitude of 1500 m. The color contours show the radar reflectivity. The vectors show the zonal 

and meridional components of the flow while the overlaid contours show updraft intensity. The 

right-hand panel shows a vertical cross-section through one of the precipitating cells at a constant 

latitude (depicted by the dashed blue line in the left panel), and the vectors now depict the zonal 
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and vertical wind components.  The figure shows a line of precipitation with pockets of enhanced 

reflectivity coincident with small 1 m s
-1

 updrafts. 

 

Figure 1.11: The left-hand panel shows an overhead slice at 1500m through a shallow 

(warm rain) precipitating system at 03:00 UTC on 2 February 2008. The filled contours 

represent reflectivity (proportional to precipitation content) while the arrows depict the 

zonal and meridional wind components and the overlaid contours show updraft strength. 

The right-hand panel is the same except a constant latitude vertical slice and the arrows 

depict the zonal and vertical components. 

As a contrast, Figure 1.12 shows a developing deep convective case from later on the 

same day as Figure 1.11 (2 February 2008). In this case the storm has grown deeper to above the 

freezing level (at approximately 3000 m) and is exhibiting higher reflectivities and updrafts 

> 5 m s
-1

. The storm has a similar layout to that depicted in Figure 1.11 with a line of 

precipitation along a convergent zone with areas of enhanced reflectivity returns located next to 

an updraft. Further examples will be presented in Section 3.7 with an analysis of a high impact 

thunderstorm. 
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Figure 1.12. The same as Figure 1.11 except for a deep convective system later (07:12 UTC) 

the same day (2 February 2008). 

There are several proposed applications of dual-Doppler analyses to the CSRP data set: 

¶ Use of retrieved winds to constrain a parcel model to study aerosol uptake in precipitating 

systems (both background and flare produced) 

¶ To study the dynamical evolution (e.g., updraft intensity with time) of seeded and 

unseeded clouds 

¶ To investigate the link between updraft intensity and microphysical behavior in clouds 

(for example how strong an updraft do you need for hail and graupel formation) 

¶ To investigate high impact weather events that occurred during CSRP (for example the 

destructive wind event at The Gap on 16 November 2008). 

 

1.2.3.2.3 Rainfall products and particle identification (PID) 

Rain rate and hydrometeor particle identification is calculated using the polarimetric 

radar data from CP2 in real time using CIDD.  Rain rate is calculated in CIDD by a variety of 

relationships that are outlined in Section 8.2.1.  Figure 1.13 shows examples of the rainfall maps 

generated for 16 November 2008 at 06:30 UTC using four of the different calculation methods. 
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a) b)

c) d)  

Figure 1.13. Rain rate on 16 November 06:30 UTC calculated with (a) hybrid approach, 

(b) Kdp and ZDR, (c) ZH and ZDR, and (d) ZDR. 

The particle identification (PID) is calculated in CIDD using a fuzzy logic method 

(described in Vivekanandan et al. 1999), with the polarimetric radar variables and an input 

temperature profile.. The current algorithm in CIDD classifies radar return signals into  

17 categories (see Table 1.3).  Figure 1.14 illustrates the CIDD PID display for multiple 

elevations during The Gap storm on 16 November 2008 (see Section 3.7 for more detailed 

analysis). These hydrometeor classifications can be used to determine changes in precipitation 

characteristics. 
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Table 1.3. Particle IDs and corresponding color in CIDD. 

PID Color 

Clutter Magenta 

2
nd

 trip echoes Gray 

Insects White 

Supercooled liquid water Pink 

Irregular ice crystals Lavender 

Ice crystals Violet 

Wet snow Blue 

Dry snow Cyan 

Graupel/rain Dark Green 

Graupel/small hail Green 

Rain/hail Light Green 

Hail Yellow 

Heavy rain Red 

Moderate rain Brown 

Light rain Orange 

Drizzle Tan 

Cloud drops Light Gray 

 

a) b)  

Figure 1.14. CIDD PID display for The Gap storm on 16 November 2008; images taken at 

06:30 UTC at elevation angles of (a) 1 and (b) 6 degrees.  The display makes it easy to 

identify the transition from varying degrees of rainfall (orange, red) to increasing 

quantities of hail and graupel (yellow, shades of green).  See Table 1.3 for color legend. 










































































































































































































































































































































































































































