WATERSHED HYDROMETEOROLOGICAL DATA REQUIRED FOR 55672
WEATHER MODIFICATION
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Introduction

The guestion of what hydrometeorological dats are required for adequate planning
of large scale ressarch, pilot and operational weather modification projects in five west=-
ern mountain watersheds (Missouri, Snake, Bear, North Plattes and Rio Grande) has been sx-
amined by the authors in connsction with a study made for the Atmospheric Water Resources
fanagement Division of the Bureau of Reclamation (North American Weather Consultants,
1971). The approach used was first to specify the types of data resquired for use in future
planning and project design, and then to sppraise the adequacy of ths existing hydrometsoro-
logical nstwerk., It then hecams possible te identify the data gaps, and to prepars 2 pre=
liminary daesign for an observational system that would correct the situation,

The data requirements established in the initial phass of the study indicated
that high slevation data were needed. This focussed attention on snow course and other re-
lated measuramsnts of the snow quantity and condition. It was also found that certain high
elevation mesteorological and cloud physics data collections would be nseded. The situation
with respect te high elevation streamgages was also given careful consideration. Becauss
of the potential intersst of the findings to the members of the Western Snow Conference,
this paper will summarize them,

In seeding clouds over the mountainous watershed areas of the west for the purpose
of increasing snowpack and runoff, the seeding would be accomplished by means of generators
which produce silver indide smoke particles, a nucleating agent which stimulates the trans-
formation of supercooled cloud droplets to ice crystals and snowflakes. These gsnarators
would be ground based and errayed in a nstwork on upwind slopes. Becauss of the remoteness
of favorable gensrator sites, most weould have to be radio controlled. Thseir sffsct on
stimulating precipitation would extend from the upwind slopes on over the crast and many
miles into the downslope area. In some cases, seeding would be carried out by means of
gensrators mounted on aircraft and flown just upwind of the target area. However, the usuaf
operational plan includes a netwsrk of ground gensraters.

In ths region encompassed by this study, the highsst average annual precipitation
astimated in the most productive part of a sseding unit was over 100 inches in western
Montana. In the most southerly seeding unit in the Rio Grande watershed, maximum average
annual precipitation from the most productive portion of the watershed was only about 30
inches. However, in western Montana, precipitation occurring during the Qctober - April
seeding period represented 75% of the average annual pracipitation, while in the southern
seeding units, seeding period precipitation may represent only 50 to 55% of the average
annual precipitation, As a conseguencse, thers is approximately a six to one ratio of the
precipitation subject to weather modification activities betwesn the northesrnmost and
southernmost seeding units. In the less productive areas of the watersheds, differesnces
may be sven grester., Differencaes in the quantities pf precipitation undoubtedly represent
substantial differences in the number and magnitude of cccurrences subject to treatment by
seeding as well as possible differences in ths typaes of sterm activity and the metheds of
weather modificetion which must be employed to produce results, If storm types were suite
able for seading, extending the seeding period through May and June would substentially
increase the number of storms which could be treatsd in the northern portion of the ares
studied,

It is important to be able to predict what ares will be affected by the sseding,
and at least roughly what the magnitude of the effect might be. This pradiction is needed

1/ President, North American Weather Consultants, Santa Barbara, California

2/ Sierra Hydrotech, Placerville, California

=B1m



to decide what genserators to run in a given situation. The area affected depends to a con-
siderable extent upon ths wind flow, ths air-mass stability, and the cloud extent and tem=-
perature. The natural precipitation characteristics at the time are also important, The
methods for doing this are at present being systematized into the form of computerized
numerical models which use upwind meteorclogical balloon rawinsonde data, the terrain
characteristics, and the arrangement, strength, and characteristics of the artificial
nuclei sources as inputs,

Figure 1 indicates schematically the layout of ths instrumentation required for an
ideal mountain cloud seeding project. A bass station (BS) commands a silver iodide smoke
generator (G) to generate and emit nuclsant which is swept by ths wind up the slops and
mixed aventually through s deep layer. For guiding the decisionemaking process, telemetered
data are received at the base station from a high elevation station consisting of a shield=
ed continuous recording gage (RG), a snow pillow (SP), and an anemomster (A). Guidance in-
formation also comes from a rawinsonds balloon sounding unit (RS). A weather radar may also
be included in the instrumentation,
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Fig. 1. Instrumentation during operational phase. .

Planning and Project Dssign

In planning a weathsr modification research project or designing a pileot or
operational projscty a great deal of reliance will be placed upon the use of predictive
models, In effect, s seriss of seeding experiments will bs performed on paper by feeding
historical hydrometeorclogical and rawinsonds data into a battery of seeding models, Vari=-
ous hypothetical arrangements of nuclei generators will be tested before an optimum net-
work can be established. It is clesar that for this procedure to be effective, a consider-
able collection of historical hydrometeorological and storm rawinsonde data is required
from the area heing examined. In addition, historical streamflow data are required to
translate any seeding-produced additions in snowpack into runoff,

The existing National Weather Service rawinsonds network is considsred inadequate
with respect to providing historical rawinsonde data for the purposes outlined above., The
stations are quite a distance from the potential sesding target areas and at most only two
soundings are taken daily. What is required is sequential soundings during storms.

In examining available high slevation hydrometeorological data it was found that
although thers was an abundance of snow course data, there was an almost complete lack of
detailed precipitation data such as that provided by continuous recording gages.

Another means for measuring precipitation is the weather radar. In planning for a
seeding project it is desirable to have some historical radar films showing the precipita-
tion patterns aloft in three dimensions in the vicinity of the planned target area. There
is very limited amounts of suitable radar film of this type.

Nthar precipitation measurements of usefulness for background in designing pro=-
jects is ths incidence of various types of snow crystals. It is important to know the
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proportion of the snow which is rimed in contrast to the mors crystaline forms, Collections
of snow replicas serve well for this purpose. There are only a few such collections availe
able fram a few special locations.

A Pilan for Supplementary Data

The supplementary data requirsments can be met by means of two types of station
installations, They are:

1. Climat station units on selected snow courses,

2, WMountain observatory units.

The climat station units would be located on a number of snow courses distributed
throughout each of the five basins., There would only be one mountain observatory unit for
aach basin. .

The instrumsntation which has besn proposed for sach of thess units will now be
listed,

A. Climat Stetion Units on Selected Snow Courses (CSU[

1¢ Precipitation:
Anti-fresze charged weighing type gage equipped with a 40=day or longer
recorder. The resolution must be .01 inch., A 12-inch orifice is preferable
to an 8=inch, other things being equal.

A telemetersd accumulations (storage) gage with a measurable resolution
of 02 inchs

and

A snow pillow equippsd with a 40=-day recordsr. This can be sither an open
or closed system. Such a unit may already be present on a SCS monitored
snow course, It is alsc assumed that standard snow coursse msasurements
are being made.

2. A hygrothermograph equipped with a 40«day or more recorder,
3+ A cup type anemometer, equipped with a 4U=-day or more recorder.
4, A wind vane, feeding into a 40=day or more recordsr.

5. Some type of 2 sunshine recorder, or a short wave radiation instrument whose
putput is recorded (40=day or more).

6. Some type of a long wave radiometer, whose ouptut is recorded {40=day or
more ).

Ba

1. An expansion typs ice forming nuclei counter.

2. An automatic sonic type ice forming nuclei counter.
3., A millipore filter nuclei collector.

4, Condsnsation nucleus countsr,

5. Film strip snow crystal rpeplicator.

6, Slide replicator devices.

7. Lapss time camera squipment.

8. A small weather radar, equipped fer RHI and PPI mode, with associated camera
gear.
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9, Riming meter (For cloud water Pluwli
10, A rawinsonde installed at an upwind valley site,
11s A calibrated weathsr radar at an upwind vallsy site.

12, CSU at the MU site and along the profile leading up to the NMOU from the
valley station, and down on the other side, ‘

The observatory should be manned during precipitatidn situatione with sufficient
paople, adequately trained to conduct am observing roubine that will ensure continuous rew
corded observations whers possible, and otherwise observstions st hourly steps, at lLesst,

Figure 2 summarizes the instrumentation layout for both the climat units and the
mountain cbservetories. The latbter are quite costly and a few will have to serve for a
large area, The symbols ars the same as in Figure 13 WR is westher redesr. Note that tsle-
metry is not requipred. The major requirsment is fopr good recording of the data at the site,

The snow course choices made for ths study were based upon these criterias

Aoocesasible envugh as that they ars elways visibed by the Spil Conservetien
Service in most winbter months,

Represent the high yield asnd high lsvel elevastions in the saédubla Bress,
A few are sslected to reprssent e sheltered low yisld low slevation pertion
of @ ‘sasding unit,
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Fig.‘z. Instrumentation during data cbllection phase.

Alﬁeady heve an SC8 enow pillow installed,

. A long record is not considered essential, although it ia eoceptable, The
goal is to obtain continuous precipitation records end snow coursss are
enly reed monthly, ‘

Hydrodonis Ingliestion

Arpe_of Snoupack Accumjlation

Plots wers mada of tha everage April 1st smpwpsck water content for all evailabls
long term snow course records, They were grouped by profiles, and when the profile extende
'ed across a range separate plots were made for the windwazd and leswaerd side. It was found
that sach prafile had a characteristic quasieiinear increase in snowpeck with slevation.
The magnitude of the increese in snowpack with elevetion depended upon steapness of slope,
ridge orientation, and other factors, Typical veluss wers eix inches to eight inches of

incresse in April 1st snowpeck water centent for svery 1000 foot increment in elevation,
Increases of about twice this much occurred in severel profiles where tha slope wae steep,
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For the data analyzed, thare appears ép he little or no tendency for snowpack to Level off
or decrease at the highsr slevations as has bsen veported in other areas.

Another characteristic of the snowfalleelevation plots is that the straight line
relationship can be extrapolated down to an apparent zeroc April 1st snow accumulation at
some base elevation. In the Missouri, Snake and the Bear-Wasatch basins, this base slava=
tion was usually about that of the adjacent valley arsa, and it is belisved that this
apparent zero value reflects the true average April 1st valley condition with soms fidsl-
ity, The apparent bass elsvations are characteristically 5,000 te 6,000 feet throughout
the Missouri, Snake and Bear=Wasatch basins. In the Nerth Platts basin, it is 7,500 to
8,500 feet and in ths Rio Grande 8,000 to 9,000 feset,.

The pattsrn of base elsvation is clear-cul enocugh to suggest that the snowmelt
yisld liss sntirely sbove this base, and seeding should bs concentrated on the area above
it te produce runoff controlled by the snowmelt portion of the hydrologic eycle. Hydro=
logic data supports this view. The design for the upper Colorado Atmospheric Water Resources
program is focussed upon sesding in arsas above 8,000 to 9,000 feet elevation, which fits
this pattern in snow accumulation, It would appear that in the mors westerly and northerly
basins (Missouri, Snmaks and Bear-Wasatch), attention should be focussed upon the area lye
ing above 5,000 to 6,000 feet slevation,

Although the preceding paragraphs suggest that the emphasis in weather modifica=-
tion and hydrometeorological data collection system should be at elevations above 8,000 to
9,000 feet in the southern basins and above 5,000 to 6,000 feet in the northern ones; a
more extendod arsa must be sxamined to cover any potential for downwind or extra-area
effects, futurs work will undoubtedly provide a means for assessing such sffects on the
basis of hydrometeorological data and air msess data inputs,

Hydrolonic Hazard

The arsa and slevation range in which incremental snowpack accumulates may be ussd
is one means of limiting potential risk resulting from high rates of rTunoff during the
snowmelt period., In general, snowmelt peaks from the higher elsvation arveas rarsly cause
major flood damage in the area investigated, Hazard evaluation procedures could bs develop=-
ad to dictate project suspension befors high slevation snowpack magnitude becomes critical.
More often, Flooding results from 2 combination of snowmelt runoff and intenss spring or
early summer precipitation. )

During June 1964, major sterms in Montana produced up to sixteen inchss of pre-
cipitation in various mounbtainous areas of ths state. Most of this precipitation above
5,000 faet fell as snow. Albthough the storm occurred during the snowmelt period, the major
portion of the snow below 9,000 feet had probably already melted. This type of situation
appears to generate the most critical conditions leading to flooding during the snowmelt
periode

In other portions of the five=basin arsa, summer cloud-bursts pose a potential
flood thrsat. An example of this problem occurred an July 11, 1965 at Quray, Colorado,
Snowmelt probably had Little te do with production of flood peaks, although the watershed
soils were still near saturation (Grant, 1969), Ths extrems peak flow was probably the re=
sult of intenss summer season rainfall and there is no information to suggest that snow-
mell contributed substentially te the flood.

In most areas, wabler users and projsct ocperators have developed criteria for
project operation bassd upon water supply forscasts. They know from experience that if
anticipated flows exceed certain established values, critical conditions may occcur. As 3
result, hazard evaluation in terms of anticipated snowmslt runoff may provide a valuable
operatiocnal tool in proposed weather modification projscts in most arsas of the western
mountains.

Incremsntal Flows

Estimates wers mads of the effect of a ten percent increase in October-April sesd=
ing period precipitation on average annual runoff. The total anticipated increase in run=-
of f from all seeding units within the five major watersheds would bs approximately
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24175000 acre=feet, while an additional 1,000,000 acre~fast would be realized outside of
the five major watersheds from seeding units straddling major watershed boundaries. It is
estimated that exteanding the seeding period through May and June with the samg ten per-
cent increase in precipitation could increase the runoff from the five study basins by a
total of 440,000 acre=fest, Precipitation during this late season could possibly result
in some undesirable flooding in some areas, Extreme caution would have to be exercised

in designing a weather modification project to operate during the late season.
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