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INTRODUCCION 

En su mayoria, los experimentos para modificar el tiem· 
po han tratado de incrementar la lluvia o suprimir el gra
nizo. Si bien numerosos investigadores han estudiado y 
propuesto varios medios de reduccion del azar de fuertes 
tormentas, entre ellos Langmuir (1948, 1950) y Lopez y 
Howell ( 1961), pocos experimentos de campo especiales, se 
han realizado probablemente por dos razones. A menos que 
un sistema de tormenta tenga un "talon de Aquiles" no 
hay manera de que se pueda reducir el potencial destructive 
de una tormenta por el tratamiento a fuerza bruta y se sabe 
demasiado poco de esos sistemas para reconocer un talon de 
Aquiles especifico o en particular, para determinar si puede 
identificarse por experimentos con tecnicas como sembrnr 
ioduro de plata. Ademas, esa misma falta de conocimientos 
expone al experimentador a riesgos inaccptables que arrancan 
de sus esfuerzos para modificar la intensidafl de Ia tormenta. 

El primer intento documentado para modificar el tiempo 
huracanado se realizo el 13 de Octubre de 1947, cuando el 
Proyecto Cirrus hizo una siembra experimeutal cu un pequc
fio huracan £rente a Ia costa oriental de Florida con hielo seco 
(Mook, C. P. et al, 1957; Rex, D. F., 1953). Fue dificil 
valorar en este caso los resultados, pucs no hubo medios de 
seguir los cambios de circul~cion o de estructura de nubes. 

En relacion con programas del NHRP, Braham y Neil 
estudiaron Ia factibilidad de hacer experimentos para modi
ficar el tiempo huracanado y en 1958 se intento alguna 
siembra exploratoria con ioduro de plata, que fallo por 
defectos de equipo. Sin embargo, tras subsecuentes investi
gaciones por el NHRP, el Weather Bureau y Ia National 
Science Foundation convinieron en 1960 en patrocinar con
juntamente un programa mas amplio para experimentar con 
siembras en huracanes. Mientras ese programa se materia
lizaba, la U. S. Navy ofrecio proporcionar al Proyecto un 
nuevo generador pirotecnico de ioduro de plata, desarro
llado en Ia China Lake Naval Ordnance Test Station (Saint 
Amand, P. y C. W. Henderson, 1962). Los primeros expe
rimentos que usaron tales generadores se realizaron en el 
Huracan Esther, 1961 y los resultados fueron suficiente
mente prometedores para que se autorizara la continuacion 
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PROJECT STORMFURY- AN EXPERIMENT IN 
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INTRODUCTION 

Most scientific experiments in weather modification have 
sought to increase rain or suppress hail. While a number of 
investigators have studied and proposed various means of 
reducing the hazard from severe storms, among these Lang
muir (1948, 1950) and Lopez and Howell (1961), few 
specific field experiments have been carried out, probably 
for two reasons. Unless a storm system has an "Achilles 
heel" there is no way in which one can reduce the destruc
tive potential of a storm by a brute force approach. And 
too little has been known of storm systems to identify a 
specific Achilles heel, or, in particular, to determine whether 
one can be identified by experimentation with such techni
ques as seeding with silver iodide. Secondly, the same lack 
of knowledge has tended to expose the experimenter to 
unacceptable liabilities stemming from his efforts to modify 
storm intensity. 

The fir~t documented effort at weather modification in 
a hurricane occurred on October 13, 1947 when Project 
Cirrus conducted a seeding experiment in a small hurricane 
off the Florida cast coast, using dry ice (Mook, C. P. et al., 
1957, Rex, D. F., 1953). It was difficult to evaluate the 
results in this case because no facilities were available to 
monitor changes in circulation or of cloud structure. 

In connection with programs of the NHRP, Braham 
and Neil studied the feasibility of conducting weather mo
dification experiments in hurricanes and in 1958 attempts 
were made to do some exploratory seeding with silver iodide. 
These failed due to difficulty with equipment. However, 
following subsequent investigations by NHRP, the Weather 
Bureau and the National Science Foundation in 1960 agreed 
on joint sponsorship of a larger program to experiment 
with hurricane seeding. About the time the program was 
to he implemented the U. S. Navy offered to supply the 
Project with a new pyrotechnic silver iodide generator 
developed by the China Lake Naval Ordnance Test Station 
(Saint Amand, P. and G. W. Henderson, 1962). The first 
experiments using these generators were carried out in 
Hurricane Esther, 1961. The results were sufficiently pro
mising that a continuation of the program was authorized 
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del programa por un convenio inter-departamental entre los 
Departamentos de Comercio y de Ia Marina, cstabkcien
dose lo que se conoce como Proyecto STORMFURY. Este in
forme describini brevemcnte el actual esquema del expcri
mento, prescntando algunos resultados desdc los primeros 
momentos y mencionando planes para el futuro . 

ESQUEMA DEL EXPERIMENTO Y ODJETIVOS 

El primer objetivo del Proyeeto STORMFURY es Jctermi
nar si las liberaciones sistematicas de calor latentc de fusi{m 
en cantidadcs utiles pueden hacerse con siembras de ioduro 
de plata desde aviones. El objctivo final es detcrminar expc
rimentalmente si por una sicmbra cstrategica se llcga a in
ducir inestabilidades de circulacion que pudieran difundir 
hacia el exterior la energia cinetica de un huracim y redu
cir las velocidades maximas del viento. 

Quisiera uno prcguntarsc que cxpericncia existe para 
llegar a considerar que en un huracan maduro con circula
ciones bien ordenadas son rcal1sticos tales objetivos. Desde 
luc·go, hay varios indi cios sobre los frccuentes cambi os de in
tensidad de huracanes, de modo n1pido, por causas naturales 
sin que se cncuentren carnbios oln·ios en las circubciones del 
arnbiente o de las fucntes de cnergia. El Huran1n Carrie, 
1957, se lncalizo primero c:1 un reconocimicnto, al eslc de las 
Antillas Mcnores, como una tormcnta muy fw·;·tc can presibn 
central de unos 9:\S mb. Horas dcspucs casi desaparecla cl 
ojo y Ia presion n 'I!lral subia a 960 mb. Igaalmenk, el Hu
racan Diar:a y cl Tifon Mar~e SJn impurtantes ejemplos do
curnentndcs de que fuertes tc>rnWnlas S t ~ rcdujeron rapidamcn
te en intensidacl y lm~·, bicn hay otros cJr,,m[lticos ejemplos de 
,igual intcnsificacion ri1pida. Si tales camhios r<1pid os ocurrcn 
sin evidencia a cscala sinopt!ca de ca rnhi oo t'll fuenlcs encrge
ticas, noes irrazonable p;·(!pc:' :· !· qnr~ JHw.-: erwn de· incstabili
dades de circulacion en el propio sistema de Ia tormcnta. 

Si los cambios en intcnsidad n ·almcnte se ori ginan en 
inestabilidades de circulaci6n, entonccs ;, que fuentes de cner
.gia pueden aprovecharse o aplica roc para dcsencadenar arti
"Iicialmente las inestabilidades? Primero, operando aviones 
para investigacion de huracancs se ha comprohado que ordi
nariamente sc forma hielo en una capa de nuhcs convectivas 
profundas ccrca de Ia pared dd ojo. C8pecialmcntc en el semi
circulo derecho, lo que implica Ia exiskncia de cantidades 
substanciales de agua llquida. Aparcntemente, d calor latc-n
te de fusion en cantidades tltilcs puede I il)('rarse si por algun 
medio efectivo sc lograra que el agua l1guida se congclase. 

La Figura 1 muestra Ia diferencia en tempcraturas de una 
masa de aire que se levanta cerca de Ia pared del ojo sin 
congelarse y de otra en C{lll' Ia congelacion y sublimacion se 
produccn lihremente. La lillC'racion de cste calor de fusion 
puede tencr poca o nula influencia sobre las eirculaciones de 
la tormenta si el incrPmen to en Ia fijacion de particulas sim
plementc aumcntara d erecimiento vertical de la nulw o 
si los cristales de hielo no saliesen de Ia columna de airc en 
que se forman. Sin embargo, en Ia circulacion organizada 
del huracan, si (a) Ia tormenta manticne una cima bastantc 
rigida por el ascenso en temperatura que sirvc principal
mente para aumentar Ia circulacion solenoide y (h) los c ris-

throu~h an interdepartmental agreement between the De
partment of Commerce and the Department of Navy, esta
blishing what is known as Project STORMFURY. This report 
will outline briefly the present experiment design, present 
some of the results from the first experiments, and will 
mention some of the plans for the future. 

EXPERIMENT DESIGN AND OBJECTIVES 

The first objective of Project STORMFURY is to determine 
whether systematic releases of latent heat of fusion in useful 
amounts can be accomplished by silver iodide seeding from 
aircraft. The ultimate objective is to determine experimen
tally whether, by strategic seeding, circulation instabilities 
can be induced which might cause the kinetic energy of a 
hurricane to be diffused outward, and the maximum wind 
speed,; to be reduced. 

One may wish to ask what experience there is which 
might lead ouc to consider that, in a mature hurricane with 
well ordered circulations, such objectives are realistic. First, 
there is much evidence that mature hurri canes frequently 
change intensity quite rapidly through natural causes with
out encountering obvious changes in environmental circu· 
lations or energy sources. Hurricane Carrie, 1957, first lo
cated by rcconnai::sanee east of the Lesser Antilles, was a 
very severe storm with central pressure of about 935 mb. 
Hours later the eye almost disappeared and the central 
pressure rose to 960 mb. Similarly Hurricane Diane, and 
Typhoon :Marge, are important documented examples in 
which once sc•;erc storms rapidly reduced in intensity. There 
arc of course other dramatic examples of equally rapid in
tensification. If such rapid changes can occur in nature 
without synoptic scale evidence of changes in energy sour
ces, it is not unreasonable to propose that these result from 
circulation instabilities in the storm system itself. 

If changes of intensity do stem from circulation insta
bilities, then what sources of energy can be drawn upon or 
applied to release these instabilities artificially? First, in 
the operation of research aircraft in hurricanes it has be
come evident that icing customarilly occurs through a deep 
layer of convective clouds near the eye wall, especially in 
the right semi-circle. This implies the existence of substan
tial amounts of liquid water. Apparently, latent heat of 
fusion in usdul amounts could be released if some effective 
means could be found to cause the liquid water to freeze. 

Figure 1 shows the difference in temperature of an air 
parcel rising the eye wall without freezing and that of a 
parcel where freezing and sublimation occur freely. The 
rdcase of this heat of fusion mi ght have little or no influence 
upon the storm circulations if the increase in buoyancy of 
particles simply led to further vertical growth of the cloud, 
or if the icc crystals were not removed from the air column 
in which th(•y form. However, in the organizPd circulation 
of the hurricane, if (a) the storm maintains a fairly rigid 
top, the increase in temperature serving mainly to increase 
the solenoidal circulation, and (b) the ice crystals are re
moved by the outflow circulation or by precipitation, then 
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tales de hielo son eliminados por la circulacion del flujo de 
salida o precipitaci6n, entonces el proceso dt~ congclacion 
induce cambios substanciales en Ia altu ra de las snperfi cif's de 
presion bajo el nivel de congelaci6n y causa desequilib rio 
local de fuerzas. Otros factores experimentales influ yen sobre 
ese esquema, uno, Ia evidencia de observaciones visuales y de 
radar de que Ia circulacion del flujo de salida sc alimenta pri
mordialmente por una pequefia chimenea convcctiva cerca del 
ojo, usualmente en el semi-circulo derecho (Simpson, R. H. et 

al., 1962) y otro, Ia componente radial de flujo en Ia troposfe
ra inferior que generalmente se dirige al exterior en csta area. 

Por consecuencia, el plan del experimento semeja Ia libe
racion de calor Iatente de fusion en el an~a de Ia chimenra 
por siembra de ioduro de plata como principal fuente de 
energia. La liberacion estrategica de esta cnergia en el sec· 
tor que sale radialmente del anillo de vientos maximos anti
cipa una baja de alturas de curvas y una reduccion local 
del gradiente de presion como se ilustra en Ia Figura 2. En 
este sector (chimenea) los perfiles de viento con frecucncia 
tienen el aspecto que indica Ia Figura 3, donde los h~rminos 
de curvatura y de formacion de Ia expresion de vorticidad 
absoluta tienen signo opuesto y magnitud equivalente. Si los 
gradientes de presion se reducen localmente en este sector, 
Ia tendencia es hacia Ia reduccion en Ia curvatura de Ia linea 
de corriente, lo cual darla a Ia vorticidad absoluta valor cero 
o negativo. Ya que las Iineas de corriente en este sector tien
den inicialmente a tener una componcnte de salida radial 
(Riehl, H. et al., 1960), al establecerse inestabilidad diniimi
ca en el sector habia un transporte o difusion de energia cine
tica que sae radialmente y por conservacion del momento an
gular absoluto reduce las velocidades tangenciales del vien to. 

EI experimento STORMFURY esta asi confinado al cua
~rante frontal derecho de los huracanes. La siembra se ha 
hecho saliendo radialmente desde ei punto de viento maxi 
mo en el extrema superior de Ia corriente del cuadrant<', 
vigilandose por patrullas aereas el sector durante varias 
horas antes y despues de Ia siembra y observandose los cam
bios en estructura de nubes y de precipitaci6n con radar de 
3- y 10-cm, asi como de circulaci6n con equipo de nave-

Fig. 1. La curva A ilustra el aumento en 
temperatura potencial equivalente del aire 
en Ia capa bajo nubes debida al flujo de 
calor Iatente y sensible desde el oceano. 
Las curvas B y C tambien indican la di
ferencia en temperatura de paquetes sa
turados en ascenso que desprenden o no 
calor latente de fusion. 

Fig. 1. Curve A illustrates the increase in 
equivalent potential temperature of air in 
the subcloud layer due to flux of latent 
and sensible heat from the ocean. Curve 
B and C also indicate the difference in 
temperature of saturated rising parcels 
which release latent heat of fusion and 
those which do not. 
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the frePzin g process can result in substantial changes in 
h(' ight of pn ·sEure Eurfaces below the freezing level, and 
cause a local imhalanf'e of forces. There are two other expe
rience factors which bear on the experiment design. First, 
the t;viden cc from Yi snal and radar observations is that the 
outflow circulation is fed primarily through a small con
vect ive chi mney ncar the: eye, usually in the right semi-circle 
(Simpson, R. H. et al., 1962), and secondly, the radial 
component of flow in the lower troposphere in this area is 
usually dirt'Ct<'d outward. 

The experiment design, therefore, looks to the release of 
latent heat of fusion in the chimney area, by silver iodide 
seeding, as the princi pal source of energy. The strategic 
release of thi s energy in the sector radially outward from 
the ring of maximum winds anticipates both a lowering of 
contour heights and a local reduction in pressure gradient 
as illustrated in Figure 2. In this (chimney) sector the wind 
profil es often have the appearance of those in Figure 3 
where the curvature and shear terms of the expression for 
absolute vorticity arc of opposite sign and equivalent mag
nitudl~ . If p rcEmre gradients are reduced locally in this sec· 
tor , the tendency is toward reduction in streamline curvature. 
This would send the ahsolute vorticity toward zero or to 
negative valu C's . Since streamlines in this sector tend initially 
to have a component radially outward (Riehl , H. et al., 
1960), the establishment of dynamic instability in this 
sector would lead to a transport or diffusion of kinetic 
energy radially outward and hy conservation of absolute 
angular momentum a reduction in tangential wind speeds. 

The STORMFURY experiment has thus far confined itself 
to the right front quadrant of hurricanes. Seeding has been· 
done radially outward from the point of maximum wind at 
the upstream edge of the quadrant. Monitoring has been 
ca rried out by aircraft patrol of the sector for several hours 
before and after the seeding, and has included the observa
tion of changes in cloud and precipitation structure by 3-
and 10-cm radar, and of circulation by doppler navigation 

HURRICANE 
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gacion doppler y registradores de valores-D en aviones ope· 
rados a 7,000, 12,000 y 20,000 ps. La Figura 4 muestra las 
rutas de vuelo usadas en la vigilancia. 

TECNICA DE SIEMBRA 

Los generadores pirotc~cnicos usados para sembrar se 
describieron en otro trabajo por el Dr. St. Amand y bastani 
decir ahora que los generadores se descargan desde avio
nes A3D a elevaciones de casi 40,000 ps. y que caen vet1i
calmente. Asi se distribuyen plumas verticales de ioduro d<· 
plata desde cerca de Ia cima de Ia nube al nivel de congcla
cion en cosa de pocos minutos. Metidas en una corricnte me
dia de 70 a 100 nudos, aquel!as plumas rapidamente se di~
persan radialmente en el anil!o al salir del area de maximcs 
vientos, proporcionando un mcdio muy eficiente para infectar 
gran volumen con ioduro de plata en tiempo minimo. 

SUMARIO DE RESULTADOS DE 
EXPERIMENTOS 11\'ICIALES 

La siembra inicial se realizo en el Huracan Esther del 1() 
al 17 de Septiembre de 1961, puhlicimdose un completo in 
forme del experimento en el NHRP Report Nf1m. 60, por 
lo cual ahora se presentara solo un breve sumario. La Fi
gura 5 muestra la uhicacion y disposicion a escala sinoptica 
del huracan al tiempo de la sicmbra, la cual se hizo al prin
cipiar la tarde y vigilandose las configuracioncs de circula
ci6n y precipitacion desde casi 2 1/ 2 horas despw~s de co
menzar esa operacion. 

El mas interesante resultado que se noto de inmediato cl 
dia 16 fue el cambio de reflectividad en el radar de 10 em 
en el area que seguia la ruta de Ia siembra. Al caer el ioduro 
de plata del Navy A3D todos los observadores anunciaron 
que en los radares de 10 em PPI notaban una eonfiguracion 
desconocida similar a la que podria esperarse con dcscargas 
electricas. Poco despues de los ecos de precipitaci6n en el area 
sembrada, se inicio Ia reduccion de intensidad en los radares 
de 10 em y gradualmente desaparecieron como si el ojo se hu
biese abierto. La figura 6 indica ese efecto y demuestra con 
fotografias simultaneas del radar de 3 em que no hay cambics 
apreciables de reflectividad en esa longitud de onda. Algo m<i:S 
de una hora despues Ia reflectividad en cl radar de 10 em en 
el area sembrada aparecio nuevamente, lo que sugiere que al 
eoagularse las gotas de agua liquida superenfriada, la reflec
tividad para radiacion de longitud de onda mayor se redujo 
pues hubo poco cambio en longitudes de ondas menores. 

La Figura 7 muestra el cambio de perfil de viento en el 
sector experimental despues de la siembra y la Figura 8 en 
el valor-D, indicandose alguna reduccion en la maxima velo
cidad del viento a 7,000 y 20,000 ps. Sin embargo, parece 
que hubo poco cambio en el radio del anillo de viento rna· 
ximo y que la pendientc d() Ia superficie de presion dismi
nuyo en ambos niveles, si bien algo mas a 7,000 que a 
20,000 ps. Generalmentc csas tcndencias en la direccion pro
nosticada por el razonamiento que sirvio de base al experi
mento no apoya conclusiones aunque pueden considerars() 
como favorables. Prim<'ro, se debe recordar que los huraca· 
nes no ;;:~n )'i,~tc_ma~ t~!'tahles localmente en el sentido de su 

equipment and D-value recorders on aircraft operated at 
7,000, 12,000, and 20,000 ft. Figure 4 shows the flight 
tracks uEed in the monitoring. 

SEEDING TECHNIQUE 

The pyrotechnic generators used for seeding are to be 
described in another paper by Dr. St. Amand. It will suffice 
to state here that the generators are dropped by A3D air
craft at elevations of about 40,000 ft. and fall almost verti
cally. This distributes a vertical plume of silver iodide from 
ncar the cloud tops to the freezing level in a matter of a 
few minutes. These plumes, embedded in a mean flow of 
70 to 100 knots, an~ rapidly distributed through the annulus 
radially outward from the ring of maximum winds, provid
ding a most effi cient means of infecting a large volume with 
silver iodide in minimum time. 

~ I 'l\IMARY Of INITIAL EXPERIMENTAL 
TIESULTS 

The initial sl."eding was conducted m Hurricane Esther 
S<'ptcmlx-r 16-17, 1961. A complete report of this experiment 
is puhlishPd in NHRP Report No. 60 and time will permit 
only a brief summary of results here. Figure 5 shows the 
location and synoptic scale setting of the hurricane at time 
of the seeding. The seeding was done in early afternoon and 
monitoring of the circulation and precipitation patterns 
was POnducted from about 2 1/2 hours after the seeding was 
begun. 

On the 16th the most interesting result immediately 
apparent was the change in reflectivity on 10 em radar in 
the area downstream from the seeding. As the silver iodide 
was dropped from the Navy A3D all observers monitoring 
the 10 em PPI scopes noted a nondescript pattern of returns 
similar to those one might expect from electric discharges. 
Shortly thereafter the precipitation echoes in the seeded 
area began to reduce intensity on 10 em radars and gra
dually disappeared as if the eye wall had opened up. Figure 
6 shows this effect, while demonstrating from pictures made 
simultaneously from 3 em radar that no appreciable change 
of reflectivity occurrrd at that wavelength. After a little 
more than an hour the reflectivity on 10 em radar in the 
sced<'d area returned once again. This behavior suggests 
that as supercooled liquid water drops were frozen the re
flectivity for lon ger wavelength radiation was reduced 
while for shorter wavelengths there was little change. 

Figure 7 shows the change in wind profile in the expe
rimental sector after scrding, and Figure 8 the changes in 
D-value. Some reduction in maximum wind speed is indi
cated both at 7,000 and 20,000 ft. However, there appears 
to haYe been little change in radius of the ring of maximum 
wind. The slope of the pressure surfaces diminished at both 
levels hut somewhat more at 7,000 than at 20,000 ft. These 
trends, generally in the direction predicted by the chain of 
rea~oning upon which the experiment was designed, provide 
no basis for conclusions, although thry may be considered 
to he encouraging. First, one must recall that, circulation
wise. hurricanes are not locally steady systems. The changes 
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Fig. 2. Cambio anticipado en pendiente de superficies de presion 
debidos a siembra. 

Fig. 2. Anticipated change m slope of pressure surfaces due to 
seeding. 

Fig. 3. Perfiles de viento radial en varios huracanes. 

Fig. 3. Radial wind profiles of several hurricanes. 

~·2 

.. 
/ p/-2 

/ - B-57 & U-2 
/ - -· - U-2 Trame 

~~-3 / re_petido-Repeat 
~·-~·2 ____ x~t~l ____ ·~·x ____ x~1_1 __ 1_e_g ___ x~;_2__J 

Fig. 4. Basic flight patterns of the research aircraft. Each pattern 
was completed prior to seeding and repeated shortly afterward. 
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circulacion, pues los cambios observados en velocidad de 
viento y energia pueden resultar del azar y es menos facil 
omitir el cambio en la reflectividad del radar. Pero, hay 
todavia inconsistencias que no pueden explicarse facilmente, 
entre elias que el cambio se retardo mas de lo indicado por 
los calculos cinematicos. Los datos de radar sobre nubes ad-

Fig. 5. Condiciones de superficie y aire superior, 1200 TMG, Sept. 
17, 1961. 

observed in energy and in wind speed could easily have 
been random changes. It is less easy to dismiss the change 
in radar reflectivity. Y ct there are inconsistencies even here 
that cannot be fully explained. Among these are the fact 
that the change was delayed beyond what is indicated from 
kinematical computations. The radar return from clouds ad-

(c) 

(b) 

(a) 

Fig. 5. Surface and upper air conditions, 1 200 GMT ,Sept. 17, 1961. 
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Fig. 6-Serie~ de fotogrniias concurrentes de radar de 10-cm y Fig. 6-Series of concurrent radar pictures from 10-('m and 3-cm 
3-cm anti's y de~pues de sembrar en Sept. 16, 1961. radars before .and after seeding of Sept. 16, 1961. 
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yacentes al ojo no se borraron totalmente del sector inme
diato en el sentido de Ia corriente radial en que s t ~ hizo !a 
siembra hasta casi 20 minutos despues de iniciarse. En esC' 
momento Ia pluma debia situarse a un tercio de distancia 
alrededor del ojo y segiin lo indicado por el radar solo se 
habia afectado un sector de unos 100 grados. AdC'miis, Ia 
radiaci6n de 10 em no estaba dirigida hacia las nubt>s super· 
enfriadas y no habia raz6n para cambio aprt>cin!Jle t>n reflcc· 
tividad de nubes, por debajo del nivcl de congelaci6n. 
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Fig. 7. Pe :·files de viento medio en el Huracan "Esther", Sept. 16, 
1961. 

Fig. 7. Mean wind profile, in Hurricale "Esther", Sept. 16, 1961. 

jacC'nt to the eye did not fally disappear in the sector inme
diately downstream from the radial where seeding was done 
until nearly 20 minutes after the seeding was started. By 
thi s timfl' the pluml's should have been advected one third 
th l~ distance around th C' ('ye. Only about a 100 degree sector 
was actually affectt>d, from radar evidence. Also, the 10 em 
radiation was not all directed at supercooled clouds and 
thl're is no rpason why the reflectivity should have changed 
appreciably in clouds lwlow the freezing level. 
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Fig. H. PerlileJ de valor-D medio para el Huracan "Esther", Sept. 
16, 1961, mo,;trando cambios en altura y pendiente de superficie.; 
de presion dc!ipnis de sembrar. 

Fig. 8. Mean D-value profiles for hurricane Esther, Sept. 16, 1961, 
showing change in height and slope of pressure surfaces after 
seeding. 
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El dia 17 se repitio el experimento, pero debido a difi
cultades de operacion los generadores no trabajaron como se 
habia planeado y por lo menos se vio caer uno de ellos en 
el aire claro del ojo. Durante el periodo de observ'b.cion no 
hubo cambios en Ia circulacion o configuracion de nubes. 

Claro que un simple experimento de esa clase no da Iugar 
a conclusiones, pero pueden esperarse resultados en sucesivos 
experimentos ya que asi lo permitira Ia hipotesis de trabajo 
de Ia prueba. 

Sin embargo, se necesitan experimentos a menor esca
la, (1) para determinar Ia efectividad del ioduro de plata 
.generado pirotecnicamente como nucleo de congelacion y si 
resulta efectivo, (2) para determinar si Ia liberacion de calor 
latente de fusion en grandes cumulonimbi aislados en una 
corriente no perturbada producen efectos apreciables en las 
circulaciones locales. A menos que haya resultados negati
vos en ambos casos, los experimentos realizados en Esther se 
repetiran en otras varias ocasiones antes de cambiar los 
planes. 

PLANES FUTUROS 

Se estudian otros medios para modificar Ia estructura o 
el equilibrio de fuerzas en huracanes y causar cambios de 
intensidad. Un metodo que servirii para investigaciones ex
ploratorias durante el afio proximo es la posibilidad de im
poner cierto £reno sobre la radiacion neta saliente en algun 
sector del huraciin, experimentiindose Ia diseminacion de 
burbujas plasticas muy pequefias con alta absortividad a 
radiacion infrarroja en cierta area cercana al punto cuspide 
relativo de Ia circulacion de un huracan. Nominalmente ese 
punto se localiza a Ia izquierda del centro, justamente sobre 
Ia tropopausa ya que los materiales diseminados sobre una 
area de 25 millas cuadradas tenderiin a moverse con el cen
tro de la tormenta y a difundirse lentamente al exterior. Si 
asi sucede, puede ser posible crear una simetria de gran im
portancia en Ia estructura y circulacion del huracan. 
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On the 17th, the experiment was repeated. However, due 
to operational difficulties, the generators could not be re
leased where planned and at least one was seen falling in the 
clear air of the eye. During the monitoring period, no appre
ciable changes were observed in circulation or cloud patterns. 

While conclusions from a single experiment of this kind 
are not feasible, the design is such that if the results are 
repeated in successive experiments there is reason to credit 
the working hypotheses of the experiment. 

Nevertheless, plans call for smaller scale experimenta
tion ( 1) to determine the effectiveness of pyrotechnic-gene
rated silver iodide as freezing nuclei, and if they are effec
tive, ( 2) to determine whether the release of latent heat 
of fusion in large isolated cumulonimbi in an undisturbed 
current leads to measurable changes in local circulations. 
Unless there are negative results from both these objectives, 
the experiment conducted in Esther will be repeated on 
several other occasions before the experiment design is 
modified. 

FUTURE PLANS 

Other means are being studied by which the structure 
or balance of forces in hurricanes may be modified to cause 
changes of intensity. One method on which some exploratory 
investigations will be made during the coming year is the 
possibility of imposing a constraint upon net outgoing ra
diation over one sector of the hurricane. This experiment 
would seek to disseminate very small plastic bubbles, with 
high absorptivity to infra-red radiation, in an area near the 
relative cusp point in circulation over a hurricane. This 
point is nominally located to the left of center just above 
the tropopause. Materials disseminated over an area 25 miles 
square would tend to move with the storm center and dif
fuse outward very slowly. If so, it may be possible thereby 
to create an asymmetry of ultimate importance to the 
hurricane structure and circulation. 

BIBLIOGRAPHY 

LANGMUIR, L 1948. The Growth of Particles in Smokes and Clouds and the Produc
tion of Snow from Supercooled Clouds. Proc. American Philos. Soc., 92(3) :167-185. 

- 1950. Control of Precipitation from Cumulus Clouds by Various Seeding Tech
niques. Science, 112(2898) :35-41. 

LOPEZ, M. & W. HOWELL. 1961. The Campaign against Windstorms in the Banana 
Plantations near Santa Marta, Colombia, 1956-57. Bull. American Meteor. Soc., 
42 ( 4) :265-276. 

MooK, C. P., E. W. HooVER & R. A. HoovER. 1957. Analisis of the Movement of 
the Hurricane off the East Coast of the United States, October 12-14, 1947. Mo. 

· Weather Rev., 85 (7) :243-248. 
REx, D. F. 1953. In Final Report, Project Cirrus, Part 1. Laboratory, Field, and 

Flight Experiments, prepared by Vicent Schaefer, General Electric Research 
Laboratory, Schenectady, N. Y., pp. 144-145. 

RIEHL, H. et al. 1960. Radial Motion in Hurricanes. University of Chicago (manus
crito inedito) ( unplublished manuscript) . 

SAINT AMAND, P. & G. W. HENDERSON. 1962. Project Cyclops, an Experiment in 
Hurricane Modification, U.S. Naval Ordenance Test Sta., China Lake, Calif., U.S.A. 


