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| ntroduction

One goal in the research on operational seeding and eval uation
techni ques (OSET) has been to consider the design of future operationa
projects in weather nodification so as to allow neaningful eval uation for
both the user and the scientific comunity. Mjor enphasis has been placed
on the devel opnent of statistical-physical evaluation procedures that are
most appropriate in defining the efficacy of operational seeding projects,
and, at the sanme tinme, provide useful information relating to the physica
processes involved in weather nodification. Qur studies of evaluation
met hodol ogi es reveal ed that effective utilization of statistical-physica
met hods in evaluating the results of weather nodification operations is strongly
dependent upon careful attention to four basic tasks involved in carrying
out cloud seeding activities. These include (1) design of the seeding opera-
tions, (2) deternmination of seeding criteria, (3) the conduct of each seeding
m ssion, and (4) the collection and recording of data for use in subsequent
eval uation of the project results. Credibility of weather nodification eval ua-
tions can only be established through careful attention to all phases of the
operational procedures. Reliable evaluation of many past seeding operations
has been inpossible because of deficiencies in operational procedures,
particularly in the collection and recording of pertinent data. This report
is ained at presenting our findings about operational criteria that affect

eval uat i on.

Qur view is that skilled evaluation of on-going operational projects
during the next 10 to 20 years can be a major source of scientific information

to compliment pure experinmental efforts of the scientific comunity. However,



this will require future operational projects to become nore experimental

in nature (and credible) through requirements concerning node of operation
project instrumentation, data collection, record keeping, and reporting
procedures. To be operationally feasible, these requirements must be
established within a realistic framework, and this has been one of the objec-
tives of OSET. Thus, in specifying selection of seeding situations through
the application of neteorological concepts, such as precipitation prediction
variables, it is realistic to require the operator, or project designer
(WVAB, 1978) to nmake use of all available information on the meteorol ogy and
climatol ogy of the seeding area. On the other hand, one cannot require the
operator to carry out an extensive study of precipitation prediction in the
target area prior to initiating operations where a need and denand for

weat her nodification exists. Such studies should be a part of a national
scientific effort. Therefore, OSET efforts have been concentrated on estab-
lishnent of operational criteria that will benefit science without interfering
wi th operational projects conducted when adverse weather has created a need
and demand for weather nodification. However, it is likely that future state
and/or federal regulations will require at least a short, focused study of
the neteorological conditions relevant to precipitation forecasting in the

operational area (WVAB, 1978).

This part of the Final Report is concerned with our recomendations
for effective acconplishment of the four tasks listed earlier. In so doing,
we have classified operations into two general types, and have discussed
needs and recomendations under each type. The types are (1) the conmon
comercial operation in which all weather situations satisfying the seeding

criteria are treated, and (2) the nore scientific piggyback operation, or



pi ggybacki ng of science, in which some random zation is applied. The

pi ggyback operation has been further subdivided into two classes. The first
is a limted operation with some randonm zation and shoul d include a good
measure of the treatnent variable (hail, rain, snow). This could be
satisfied by the inclusion of a 5-cmor 10-cm radar systemwth routine
scope photography, RH capability, and gain reduction for defining precipi-
tation intensity within the stormechoes. The second piggyback operational
approach is one we call the "sky unlimted" type. In it some random zation
of seeding days occurs and the amount of supporting instrumentation and
measurenments are limted only by funds and personnel available for the
project. Thus, additions to the limted piggyback operation m ght include
such measurenent devices as dense networks of precipitation gages, cloud
physics aircraft, upper air stations to supplenent the NWS network, Doppler
radar, additional satellite data (nmore frequent and greater resolution than
normal ly transmitted), and surface mesoscal e networks to measure various

met eorol ogi cal paraneters (wind, tenperature, humdity, etc.).

Wth respect to random zation, the Wather Modification Advisory
Board (WWAB) reconmends that 1/3 of the qualifying seed days remain untreated
in future piggyback operations (VWVAB, 1978). Another suggestion has been to
carry out the random zation between operations; that is, during periods when
weat her conditions are identical but when seeding is not needed to nodify the
natural precipitation. For exanple, in the Mdwest seeding to increase corn
and soybean yields with additional rainfall is normally effective only during
July and August (Huff and Changnon, 1972). Possibly, random zation require-

ments could be met in simlar June and Septenber rains.



Table 1. Basic Design Steps for Wather Mdification Qperations.

A  Review, Analysis, and eval uation of synoptic clinmatological
factors in the target and surrounding area (control).

B. Designation of cloud types that should be seeded (stratiform
i solated cumuliform organi zed cumuli form etc.).

C. Developrent of cloud seeding criteria.
D Designation of cloud treatnent techniques.

1. Seeding agent(s) to be enpl oyed.

2. Method of transfer to clouds (aircraft, ground
generators, or others).

3. Location of seeding in cloud (base, nid-Ievel,
top, other).

4. Method of dispersal into cloud (Agl generator,
flares, rockets, dry ice dispenser, etc.).

5. Tinme(s) of day seeding is to be performed (if
sel ective).

6. Duration of seeding in each operation.

E Requirenents for facilities and equi pnent.

Qperational center.

Met eor ol ogi cal equi pnent .
Aircraft.

G ound generators.

Seedi ng devi ces.

agrwONE

F.  Personnel.
1. Meteorologist(s).
2. Aircraft crew.
3. Instrument technicians and observers.

G. Measurements to be made.

1. Meteorol ogical .
2. Arcraft.

3. Radar.

4, Cher.



Qperational Design

The initial task in undertaking any weather mnodification project
is the design of all phases of the operation. The design phase is very
critical to both the successful operation of the project and to the eval ua-
tion of the results. In this initial task, the seeding criteria, facilities
and equi pnent, personnel, operational techniques, and all other aspects of
the operations are defined. Only those persons with considerable know edge
and experience in weather nodification should be involved. As pointed out
by the WWAB (1978), the design team should al ways consist of persons who are
keeping up with the discoveries and innovations in the field of weather resources
managenent. Atnospheric scientists skilled in synoptic meteorol ogy and
climatology and in cloud physics and dynamcs are highly desirable as team

menbers or as consultants in the design phase of the project.

Table 1 lists in sequence the basic design steps which we consider
necessary after the location of a seeding project, the size of the target,
starting tinme, and duration of the project have been established (largely
or totally by sponsors). These basic steps should be followed for all
weat her nodification operations, whether they are the regul ar conmercial
type (non-random zed), or piggyback (partially random zed).

As the first step in developing the project design, we reconmend
a review and evaluation of synoptic climatology in the target area for use as
a design guide. This applies to both non-random zed and pi ggyback projects.
For exanple, in an operational project to increase warm season (convective)
rainfall, the means and annual variability in the number of thunderstorm days,
the frequency of days with rainfall in various intensity categories, and the

nunber of days with severe weather (hail, flash floods, severe thunderstormns)



are useful in estimating the frequency of seeding opportunities, the potential
for various amounts of seeding-induced rainfall, and the frequency of seeding
mssions that are likely to be aborted due to severe weather causes. Eliott
(1967) has shown various applications of synoptic climtology in designing a
cloud seeding programin the southern Sierras. Cimatological data on the
distribution of precipitation and ot her weather paraneters can be found in
sunmary formin various climatic publications. Three very useful publications
are Hydroneteorol ogical Report No. 5 (U S. Wather Bureau, 1947), the Cimtic
Atlas of the United States (NOAA, 1977), and dinmatol ogy of Surface Fronts

(Morgan et al., 1977).

Before seeding criteria can be firmy established, the type of clouds
which are to be treated during the project must be designated. The type(s)
wi Il depend upon the seeding purpose, clinmate of the project area, and tine
of year. For exanple, seeding to increase the natural rainfall during the
growing season in the Mdwest would require seeding primarily of convective
cl ouds, possibly both isolated cumuliformand organized curmuliform but, in
any case, organized weather systems which are responsible for nmost of the

M dwest precipitation during the warmseason (Huff, 1969).

Seeding criteria applied in weather nodification operations should
be based upon acceptabl e meteorol ogical concepts. These criteria should take
advantage of the latest advances in seeding technology and apply useful
information revealed by a review of the synoptic climatol ogy of clouds,
precipitation, stormsystenms, and other pertinent weather factors in the
project area. Seeding criteria should be based on meteorol ogical factors
whi ch are neasureabl e and/or which can be calculated on a routine basis
with sufficient frequency and accuracy to satisfy the seeding and eval uation

requirenents of the project.



The decisions required under cloud treatment techniques (Table 1)
are dependent largely upon the preceding decisions regarding type of clouds
to be seeded and the seeding criteria to be enployed. Under facilities, all
operational projects will require an operational center with space adequate
for all personnel and equipment. The meteorol ogical equipment will depend
upon the type of project, that is comercial (non-random zed) or piggyback.
The mninum requirenent should be a weather radar set, preferably 5-cm or
10-cm for real-time monitoring to help recognize seeding opportunities (or
lack thereof), to help recognize severe weather events in sufficient tine to
avoi d possible intensification by seeding, and to verify seeding activities
over the target area. Needs with respect to aircraft, ground generators, and
seeding devices will vary with the type, purpose, and location of the project.
The sane is true for the itens listed under "F' and "G in Table 1. For
exanple, in "G, "other" in the case of piggyback operations night include
addi ti onal measurement devices such as precipitation networks, cloud physics
aircraft, and whatever the specific project could afford with additional

funds supplied by federal or state governnent agencies.

Determnation of Seeding Citeria

Essential in evaluation of any nodification operation is specific,
wel | - docurented information on the decision-nmaking involved in the initiation
of each seeding episode within the project period. The various methods and
criteria to be used by the operator in selecting seeding situations should be
specified in witing prior to each operational project.

The seeding criteria should be based upon acceptabl e neteorol ogica

concepts deternined by neteorol ogists experienced in weather nodification



activities (research or operations). Since there may be several decision-
making criteria utilized in an operational project, it is essential for later
eval uation of treatnment results that those used in each specific seeding
operation are recorded at the tinme of the seeding decision. Seeding
criteria should be defined by the operator and the methods used to recognize
cloud seeding opportunities clearly stated in the design document.
Deternmining seeding potential (seedability) during operations is
basi cal | y dependent upon synoptic weather forecasts (predictions) and meteoro-
| ogi cal observations. For prediction of seeding situations, several techniques
are commonly used. These include general synoptic weather forecasts, such as
i ssued by NWS, which indicate expectancies with respect to cloudiness, pre-
cipitation, tenperature, dew point, w nds, and other paraneters derived
from anal ysis of surface and upper air maps and charts devel oped from pibal s,
radi osondes, surface observations, radar observations, and satellite data
Seedi ng decisions (seedability) may then be based upon various factors, such
as precipitable water, w nds, type and extent of clouds expected, and natura

precipitation expectances.

Qoud nodels are now frequently used in addition to standard synoptic
anal yses and forecasts to determne seedability. For convective cloud seeding,
these nodels usually enploy readily available norning and evening upper air
data. The conputer-generated cloud predictions then provide an objective
met hod of determining seedability in a given weather situation.

Radar is now al nmost universally used on both experimental and
commercial projects, since it serves nultiple purposes. One of the inportant

uses is as an observation tool to help determne seeding potential as the



time for expected favorable seeding conditions approaches. That is, it
serves to update and, possibly, nodify the seeding decision nmade earlier
from synoptic weat her forecasts and/or conputer nodel outputs.

Aircraft observations of various atmospheric paraneters (ice nuclei,
updraft speed and placenent, CCN) are al so used by some projects as an aid
in determning seedability on any given day. Qhers nay use sinpler
techni ques for determning seedability. For exanple, in the Witetop experi-
ment during the early 1960's, the precipitable water fromsurface to 500 nb
at key radiosonde stations and the wind direction at 4000 ft MSL over the
target area were used in selecting seedabl e days (Braham 1966).

Regardl ess of how seedability is determined, it is essentia to have
routine measurements of those neteorol ogical factors fromwhich seedability
is determned available at a frequency that permts effective analysis and
assessnent of all weather situations during the operational period. This
capability should be a basic requirenent whether the weather nodification
operation is of the experimental, piggyback, or non-random zed conmercia
variety. For exanple, in a bare mninumtype of comercial operation, the
operator, using a ground-based seeding approach, mght base his seeding
deci sions solely on synoptic forecasts derived fromNA5 charts and maps. In
this case, the only requirement is that he have ready access to these, both
routinely and expeditiously, whether by facsimle facilities at his opera-
tional headquarters, or other means. However, for projects involving on-
site observations and control, use of radar and aircraft data are inperative

to seedability decisions.

Daily determ nation of seed and no-seed situations requires certain

facilities and equi pment to obtain the information upon which to base the



-10-

seedability decisions. As indicated above, the requirenents would vary
substantially, depending upon the type of project, funds available, and other
factors. Belowwe have listed some of the considerations that may be inte-'
grated into the decision-making, plus the type of facilities and equi pment
that woul d be helpful. Inplenentation of the entire list would occur in

pi ggyback operations only, because of costs invol ved.

A Potential Inputs for Determning Seedability.
1. Synoptic forecasts of clouds, precipitation, and
other pertinent atnospheric characteristics.

2. Computer prediction of cloud properties from cloud
model s.

3. Natural precipitation predictions based partially
on use of :

a. Synoptic climtology nodels;
b. Predictor variables derived from
earlier synoptic studies.

4, Radar and satellite observations of conditions in
and upwi nd of target.

5. Severe weather potential based on:

a. N6 alerts and warnings;
b. Radar nonitoring;
c. Updating of synoptic weather analyses.

6. Other.

Inpl ementation of A1 above requires access to facsimle and/or
tel etype nachines. This is viewed as a basic requirement for nost, if not
all, comrercial and piggyback projects. Oly if seedability is being
determined strictly from other data, such as radar echoes and/or aircraft
observations, could such data reception facilities be omtted. In these
cases, however, constant surveillance would appear necessary.

A2 requires access to an appropriate conputer. A3 would be a

desirable product of the design phase that would help in the day-to-day
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decision making. The utility of radar and satellite observations is
obvious. As pointed out earlier, radar provides an excellent check on
how the predicted seedability conditions are devel oping as time progresses.

A-5 is particularly inmportant in the scheduling of seeding operations.
The WWMAB (1978) has stated that all operational projects should have onsite,
real -time nmonitoring to recogni ze seeding opportunities and to recognize
severe weather events in sufficient tine to avoid intensification of such
events by seeding. Radar is an excellent tool for these purposes, and must be
part of the equipment in all weather modification operations aimed at increasing
or decreasing precipitation (rain, hail,  snow).

A-6 is meant as a broad category for the Type Il piggyback operations.
That is, it could include input data supplied by telenetered precipitation
networks, aircraft observations of cloud paraneters, and other sources of
data whose inclusion in the project would depend on available funds and

per sonnel

O oud Seeding Operations (M ssions)

Basic requirenents for carrying out seeding mssions will differ
substantially, depending upon such factors as the type of operation (conmerci al
or pi ggyback), the seeding variable (rain, hail, snow), the climtic regime in
which the target lies, and the tine of the year the seeding is to be conducted
Requi rements will also vary depending upon whether aircraft or ground generators
are enployed to transport the seeding material. Actually, the conduct of the
mssions is largely defined in the design phase where the type of clouds to
be seeded, the seeding criteria, and the nethod of transport are established

Except for orographic seeding to increase snowpack, nost seeding is

now carried out by aircraft in both experimental and comrercial projects. A
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prime consideration in undertaking aircraft seeding is an adequate delivery
systemto carry out the seeding concept. For exanple, if the seeding is to

be done at the mid-level of convective clouds, the aircraft would need to

have an operational capability to fly at least to 20,000 ft. First, however,
depending upon the size of the target area, the number of aircraft required to
carry out seeding over the entire target nust be determined. The aircraft
should utilize approved weat her nodification apparatus for dispensing the
seeding agent, whether it be by Agl snoke generators, flares, rockets, dry

ice dispenser, or other technique. There nmust be adequate radio conmunication
both with other aircraft and the ground operational center. In the piggyback
operations especially, aircraft nmeasurement of selected cloud parameters my
be desirable for later evaluation of the results of the seeding. Also, in

t he piggyback operations, aircraft position nust be recorded at short inter-
vals. Were feasible, the aircraft position should be shown on the radar
scope and photographed at intervals of 5 nminutes or less. Wth ground
generators, the exact location and seeding output should be known for each

i ndi vi dual operati on. In all cases, the primary objective is to carry out
cloud seeding through application of techniques dictated by the seeding

criteria. in use and satisfying other requirements of the project design.

Conponents of a typical Type Il piggyback operation are outlined

bel ow

A Aircraft System-- adequate delivery systemto carry out
seedi ng concept.

1. Approved weather nodification apparatus (Agl
snoke generator, flares, rockets, dry ice
di spenser, etc.).

2. Communication with other aircraft and ground
operational center (radio system).
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3. Capability of operating at naxi num seedi ng |evel
whet her base, nmid-level, or cloud tops.

4. M sual observations and |ogging of these at
frequent intervals.

5. Instrunentation for sel ected neteorol ogi cal mneasure-
nments to verify seeding criteria designated by the
oper at or .
B. Radar System

1. 5-cmor 10-cmwavelength with RH capability and
intensity neasure.

2. Scope photographs at frequent intervals (10-mn
or |ess).

3. Logs show ng any significant changes in operation
and/ or probl ens encount er ed.

C Visual (bservati ons.

1. Qperational center.
2. Arcraft.

D Precipitation Measurenent Systens.

1. Network data (tel enetered where feasible).

2. Procurerment of N6 and ot her avail able precipitation
data in and around target area for all operations. Hail
i nsurance data should be included where appli cabl e.
E Qdoud Caneras Uowi nd and Over Target Area (optional).

F. Qhers (dependi ng upon funding).

A Type | piggyback operation should be required to use conponents
A B and C A comercial (non-randonm zed) operation could be limted to
Alto A-3, plus a radar system It is not realistic to denand any of the
ot her conponents unless pertinent to maki ng seedability decisions and/ or

verifying operational procedures.
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Data Col | ection and Recording

As part of OSET, we have al so considered data collection and data
handling criteria for operational projects. This includes instrunentation
for making the necessary mneteorol ogi cal measurenents, types of data to be
collected, and the recording and filing of the collected data in the proper
forms to facilitate various types of analyses for evaluating the operational
results. Detailed documentation of data is very essential to seeding
evaluation and establishment of credibility in the results.

Instrunent requirements should be established through consideration
of evaluation needs, but nmust be kept within realistic limts for operational
usage. Qptinmuminstrumentation is not likely to be achieved in the near
future.

The WVAB Report (1978) states that "data conpilation and archiving
fromthe real-time neasurenments should be done in a manner that will permt
i ndependent anal ysts to assess the validity of the design and operation. For
exanpl e, this would include recording the time and placement of each seeding
activity; collecting photographic records or radar echoes routinely and with
a frequency that permts recognition of the pertinent storm paraneters and
changes occurring in these parameters; and recording other data about altered
weat her, such as insurance records of hail clains, streanflow data, and
precipitation data recorded in the project area.” W consider these require-
ments reasonable and applicable to all types of piggyback operations. However,
the requirement that the operator procure and record all available data in
the project area that mght be useful in future independent eval uation of
the operational results is questionable for the relatively small-scale
comercial projects having no governmental support, and usually undertaken

on short notice to neet energency needs for increased precipitation.



-15-

For the basic commercial type of operation (non-random zed) wth
no government financial support (such as is perceived for the piggyback types),
it is our opinion that the operator should only be required to provide what-
ever instrumentation is necessary to determne his seeding criteria and to
verify seeding activities over the target. We consider radar essential to
verification and, therefore, view it as a basic requirement for all precipi-
tation modification operations. More extensive instrumentation wll be
required in the piggyback operations, the types depending upon the anmount
of governmental financial support for these nodified operational projects. It
is our opinion that the installation and operation of precipitation networks
for inproving the neasurement accuracy of the treatment variable (rain, hail,
snowpack) should have top priority in the Type Il piggyback operations.
Dependi ng upon funding, the next priority should be aircraft for measuring key
at mospheric variables essential to evaluation of the seeding effects and
hel pful in solving the causation problem Additional instrunentation should
be optional, and priorities left to the judgnent of the project |eader. Needs
can vary depending upon the location of project, project design, seeding

criteria, seeding variable(s), and other factors.

Records nust be kept of all pertinent information concerning
various results.

Records for the commercial, non-randomized type include:

1. Date of each weather nodification activity.
2. Description of type of seeding agent used.

3. Method of dissenmnating seeding agent (aircraft or ground-
based generators).

4. Start and end tines of each seeding activity.
Duration of each seeding activity in hours and m nutes.
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6. Amunt and rate of dispersal of the seeding agent for
each seeding activity.

7. Type of clouds seeded (stratiform isolated cunuliform
organi zed cumuli form or other types).

8. Wth aircraft seeding —

a. description of aircraft flight track during each

seedi ng m ssi on;
b. where clouds were seeded (base, nid-level, top, etc.);
c. nunber of clouds or convective entities seeded.

9. Exact location of ground generators (if used).

10. Photographic records or tracings of radar scope at frequent
interval s.

11. Description of how seeding decision (seeding criteria) was
nade for each nission and why seedi ng m ssions were not
conducted on no-seed days.

12. Description of any operational problens during each seeding
operation relating to equi pment, personnel, weather conditions,
etc.

Wth Type |l piggyback operations, recording of additional data,
such as that listed below, could be required as part of each nission dependi ng

upon its availability.

A  Arcraft —logs showi ng details of position with tine,
pl us ot her observations deened inportant.

B. Radar scope phot ographs show ng both weat her conditions
and aircraft |ocations.

C Radar logs showing all significant changes in operations
during seedi ng m ssion.

D Precipitation data -- special network(s) plus N and ot her
sources in area of interest.

E Msual observations by ground and aircraft personnel, if
part of seeding criteria.

F. doud canera film if part of seeding criteria and/or
verification.

G Qher -- depending upon project funding -- could include
one or nmore of the follow ng:

aircraft cloud neasurenents;

Doppl er radar dat a;

speci al upper air soundi ngs;

special satellite data (increased frequency
and resol ution).

pPoONPE
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Requirenents for data collection and recording are essentially
the sane for the non-randonmized commercial and Type | piggyback projects,
with two exceptions. Wth Type | piggyback operations, radar scope
phot ography is a basic requirenent (tracings unacceptable), and avail able
precipitation records (N6 and ot her sources) should be included. Al so,
maps, charts, cloud nodel outputs or other information used in reaching
t he seeding decisions should be archived. It is anticipated also that
designated seeding criteria are likely to involve nore data analysis than
many of the relatively snall-scale conmercial projects, so that the anmount
of data collected and stored will be somewhat greater on the Type | piggy-
back projects. In general, all data used in any way in the planning and
execution of precipitation modification projects should be archived in the
most expeditious manner. Wth the Type Il piggyback projects, the data
collection and record keeping will be substantially expanded. These projects
shoul d have precipitation network data in addition to that archived in the
Type | operations, and in some cases, aircraft observations, upper air data,
and other project nmeasurenents will be available for assistance in evaluation

of seeding success and associated research

Key |ssues and Recommendati ons

Weat her nodification operations include two general types. These
are (1) the common conmercial operation in which all weather situations
satisfying the seeding criteria are treated, and (2) the nore scientific
pi ggyback operation in which instrumentation is nore conprehensive and sone
random zation is applied. Basic requirements for the two types of opera-

tions will differ substantially, but both can enploy operational criteria
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that will benefit science without interfering with operations conducted
when adverse weather has created a need and demand for weather nodification.
Successful weat her modification operations and credibility in
subsequent evaluation of the results requires careful attention to four
basic tasks. These include the (1) design of the operation; (2) deter-
mnation of seeding criteria; (3) conduct of each seeding mssion; and (4)

collection and recording of all data pertinent to eval uation.

Design e A key to evaluation, and a meaningful project, is
attention to project design. The basic design steps
are specified in Table 1, and it is inportant that
these be specified in witing before project operations
begi n.

. At nospheric scientists skilled in synoptic neteorol ogy
and climatology and in cloud physics and dynamics are
highly desirable as menbers or consultants to the design
team for weat her nodification operations of all types.

Seeding . Seeding criteria should be based on acceptable meteor-
Criteria ol ogi cal concepts, take advantage of the |atest

advances in seeding technol ogy, and apply useful informa-

tion revealed by a review of the synoptic climatol ogy

of clouds, precipitation, stormsystens, and other

pertinent weather factors in the project area.

. Seeding criteria should be defined in detail by the
operator and the methods used to recognize cloud
seeding opportunities clearly stated in the design
documnent .

@ !t is essential to have routine nmeasurenents of those
met eor ol ogi cal factors fromwhich seedability is deter-
mned nmade at a frequency that permts effective
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analysis and assessment of all weather situations
during the operational period. This should be a basic
requirement for all types of weather modification
operations.

Basic requirements for carrying out seeding missions
will differ substantially depending upon such factors
as the type of operation (commercid or piggyback), the
seeding variable (rain, hail, snow), the climatic
region in which the target lies, the time of the year,
and whether aircraft or ground generators are used

to transport the seeding material. In all types of
seeding missions, however, the primary objective must
be to carry out the cloud treatment by applying those
techniques dictated by the seeding criteria in use
and satisfying any other requirements of the project
design.

Radar is viewed as a basic requirement for all precipi-
tation modification operations. It is an excellent

tool for real-time monitoring to recognize seeding
opportunities, to reassess seedability predictions, axd
to recognize severe weather events in sufficient time
to abort seeding missions. Furthermore, radar is essen-
tial to verification of seeding activities over the
target area.

In Type Il piggyback operations, it is our opinion

that installation and operation of precipitation
networks for improving the messurement accuracy of

the treatment variable (rain, hail, showpack) should
have top priority. Second priority should be aircraft
for measuring key atmospheric variables that are
essential to evaluation of seeding effects and helpful
in addressing the causation problem. Additional
instrumentation should be optional and left to the judg-
ment of the project leader.
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Recording @ Detailed docunentation of data is essential to seeding
of Data eval uation and establishment of credibility in the
results. In general, all data used in any way in the

pl anning and execution of precipitation nodification
projects should be archived in the nost expeditious
manner. This could best be achieved by a state or
federal depository for the essential records. For

exanple, the Illinois law requires subnission of certain
records at specified intervals during and follow ng
conpl etion of operations (Illinois Rules and Regul ati ons,
1979).
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Sources of Specific Weather Data by Date of Qccurrence

Cimatological Data. Daily, monthly, and annual data on precipitation and

tenperature at all stations operated by the Environnental Data and
Information Service, NOAA  Summarized by State on nmonthly and annual
basis. Available fromNational dimtic Center, Asheville, N.C.

Local Cimatological Data. Mre detailed information on precipitation and

tenperature than provided by the State dimatol ogi cal Data, and
includes data on wind and other climatol ogical factors. Available
only for selected stations (nostly first-order stations). Published
by the Environmental Data and Information Service, NOAA, Available
fromNational dinmatic Center, Asheville, N.C

Hourly Precipitation Data. Hourly data for recording raingage stations operated

by NOAA, Crops of Engineers, and other cooperating agencies. Mnthly
sunmaries published by Environmental Data and Information Service,
NOAA.  Available fromNational dimtic Center, Asheville, N.C
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