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NOTE
The designations employed and the presentation of the material in this

publication do not imply the expression of any opinion whatsoever on the part
of the Secretariat of the World Meteorological Organization concerning the
legal status of any country or territory or of its authorities, concerning the
delimitation of its frontiers.

This report has been compiled from information furnished to the WMO
Secretariat. It is not an official WMO publication and its distribution in
this form does not imply endorsement by the Organization of the ideas
expressed.
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I. INTRODUCTION

As part of the WMO activities in weather modification, the
Secretary-General maintains a Register of experiments and operations in
weather modification carried out within Member countries since 1975 and
approved by the World Meteorological Congress.

The present publication is the fourteenth of its kind and is based on
information received from Member countries on experiments and operations
sponsored by governmental agencies and private concerns that took place during
1989. For various reasons, the Register does not contain informatron on all
weather modification projects.

To assist the reader in understanding the content of each of the
12 columns used in the tabular presentation, detailed explanations are given
in Section I1. The questionnaire which was sent to all Members in May 1990 is
reproduced, in Annex A to the report, in the four official languages of WMO,
to ensure that the tabular information will be readily understood by all
readers. Information from these questionnaires is given in Part IV. The form
to be used in reporting completed programmes or for which a physical and/or
statistical evaluation has been carried out is reproduced as Annex B.

The list of Members for which information is included in the Register
is given in Section III. The Members which replied tr4t no weather
modification activities had taken place in their country during 1989 are
listed in Section VI.

Requests for further information on the projects may be addressed to
the reporting agency for each country which is included in Section V of the
Register. The WMO Secretariat will be happy to assist if necessary.
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II. ',- DETAILED EXPLANATIONS OF COLUMNS USED IN .TABULAR INFORMATION'IN'THE
REGISTER

(The figure; in. brackets. following the column heading title is the
similar item in the. questionnaire shown in Annex A).

Column 1:

Column 2:

Column '3:

Column 4:

Column 5:

Column 6:

WMO Register No.

This'consists of country indicator letters (according to the ISO
Standa.rd 3166-1974) and a serial number for each project.

Objective of project, tyPe of organization carrying it out
(1) and (2)

Dev. = Development PE = Precipitation Enhancement
Ext. = Extend wet period (E) = Emergency
Fog = Fog dissipation (R) = Routine
Hail = Hail suppression PR = Precipitation Redistribution
Inc. = Increase during Res. = Research

wet period
Cp. = Operational

Approximate size of project area (3)

Given in square ki10meters for target and control (if any) areas.

Name of project (4)

Reference numbers are also quoted when supplied.

Location of project area (5)

In some cases where co-ordinates of several points delineating the
area were given, these have been replaced by a single point at
approximately the centre of the area. Towns and islands may be
denoted by name; AlP =Airport.

Year project commenced and conti~uity (6)

Date
Every year
Interrupted
No
Yes
(? )

year project started
indicates project has operated every year
indicates project has not operated every year
indicates project will not be continued
indicates project will be continued
indicates project status is unknown



Column 7:

Column 8:

- 3 -

Nature of organization sponsoring project (7)

Indicated by abbreviations as follows:

Agr. = Agricultural Muni. = Municipal
Def. = Defense (P) = Private
Enr. = Energy Rec. = Recreation
For. = Forestry Res. = Research
(G) = Government Trans. = Transportation
Hyd. = Hydrological Wea. Ser. = Mete<:»tological

Apparatus, seeding location (8)

Abbreviations are as follows:

Air
AIC

= Airborne
= Aircraft

GIB
Temp.

= Ground-Based
= Temperature

Column 9: Agents, dispersal rates (8)

Self-explanatory.

Column 10: Characteristics of clouds treated, seeding criteria (9 )

LWC = Liquid water content Temp. = Temperature
Obs. = Observations

Column 11: Active period during reporting year (10)

Months of activity are inclusive.

Jan = January July = July
Feb - February Aug = August
Mar = March Sept = September
Apr = April Oct = October
May = May Nov = November
June = .June Dec = December

Column 12: Documentation (12). and (13)

"EIS" indicates that an environmental impact study has been made;
"C/B" indicates that a costs and benefits analysis has been made.



_0' 5 _
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(1) (2 ) (3) (4) (5 ) (6) (7) (8) (9) (10) (11) ( 12)

AUSTRALIA

AU-l R. 487 Melbourne 37°43'S 1988 Water Aircraft acetone Ag I In cloud seeding near May-Qct Evalu-
PE km2 and Metro- 146°15'E Yes supply burner treating oro- 4,766 gr/hr -15°C. If cloud temps 1989. ation
Water pal itan (100 km east Gover- graphic layer clouds Total consumption are all warmer than 12 days report
supply Board of of Melbourne) nment with cloud base 4.17 Kg. -15°C, then seeding at planned
in- Works <1oo~ cloud top.( -20° coldest temp. inclds. as well
crease as rando-
in wet Append 2 typewritten mized
periods sheets immed'behind experi-

AVl Question 10(d) ment

AU-2 R 5780 Hydro-electric Central 1989 Energy 1 aircraft with Ag I In cloud treating oro- May-Dct Designed
PE km2 Com. Precip. Plateau Yes acetone burner for 4.8 gr/hr graphic clouds inc. as rand-
Water Enh. Tasmania in ~loud seeding Total consumption Cloud base temp <1aoC ,184 days ami zed
supply Experiment typically at -10°C 4.5 kg cloud top temp. <00 expo but

)-20° operating' criteria not this
cloud top <-6°C 1i qui d year
water>O.l gr/m3 Reports

wi 11 be
avail-
able

AUSTRIA

AUS-1 Hail 1800 STYRIA District 1986 Pri- 4 Aircraft with Ag I Ag I Convective clouds May- Historic
Supp. kmz (hail test Gleisdorf- Ye,s vate acetone generators 14 liters/hour cloud base <+10° August records,
0 programme) Weiz cont. Agri. and pyrotechnic Total consumpt. cloud top <-20 ° 49 days crop dam.,-

PHI 46°30' until flares for cloud 183.36 kg Subjective decision by age/hai 1
47°15'N 1995 base seeding 3820 1Hers pilot + observers I Pac:J$ used
Lambda determines operational for eval.
15°30'-16°E decisions reports

wi 11 be-
come
available
project
duration
until
1995

AUS-2 Hai 1 500 Lower Austria 48°15' - 1981 Pri- 2.aircraft with Ag I Ag I 10 ,1 iter/hour ,Convective clouds with April - Compari-
Supp. km2 (hail test 48°30'N Yes vate acetone generators total ',consumption cloud baseT colder , August ."son with

0 programme) 15°20' - cont. agri. pyrotechnic flares 940 liters . than +lO°C 28 days historic.
15°50' E until for cloud base 60.16 kg cloud top T<-20°C records,

1991 seeding subjective decision of crop dam-
pilots supported by age/ha i 1
radar from civil pads will
aviation be used

in evalu-
ation

---J
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(1) I (2)

i
.e.RAill

( 3) (4) (5) (6) (7) (8) (9) (10) ( 11)

.;:v

(1 ~)

BR-1 o
PE
Pre
cip.
Re
distr.
wet
peri
ods

1470001 Artificial
I<m2 . Weather,.

Modification

02°50'S, to
07°40'W
37°-IJ-0oW

1973
Ye,s

Gov.
Agri.
Hydro~

logy

3 Aircraft with
dijpenser o~ fluids

NACL Sol.
10 liters/km

Warm convective clouds
vertical development
is at least iOOOm from
cloud base to cloud top
and cloud base is 1000m
above ground. Cloud
base temp) ioo cloud
top +=) (j°C

Jan~May

92 days
None

BULGARIA

BG-1 I H
R&O

Q!1.t!1I

1400
km2

BG 1 Northwestern
Bul gar,a '
42°-4,3~30' ill
23°30 I ~240E

1969 I Agri. I Rockets
Yes +

State
Ins.
Insti-
tute

Pb I2
0.5 kg/rocket
7860 fired

In cloud seeding at
_50 to -10° using
roCkets. Convective
clouds.cloud base
Temp)+ioo cloud top
T<-20° seeding
criteria based on 10
band radar
reflectivity

April
Sept.
39 days

Histdtie.
records
crop
damage
hail pads
used in
eval.
Papers
in Fifth
wMO Se.,
Cant'. NO.
26$. 1989

j

!):l

I

CN-1 I PE 145000
Drou- km2

ghts
Water
supply
aug.
Incr.
precip
in wet
period
Hai 1
supp.

Artificial
Hail S\JPP.
Experiment in
W. Liaoning
Province
121°30'
122°30'E
39°40'N and
119°30' 
123°E, 40°20'
42°

In Sui Zhong
Jian Chang
Ka Zuo and
FuXin
county of
Liaoning

1989
Yes

Govt. I May-August (rainfall)
June-Oct. (hail
suppr.)

Seeding system
1 Aircraft with
acetorieburner;
artillery shell
den very system;
Dry ice dispenser
Cloud top or in
cloud seeding at
-5°C. 42 kg Ag I
and 2000 kg dry
ice (C02)
consumed

'Convective and layer
clouds modified
cloud base temp <+io"C
cloud top temp <DOl
but warmer than ~20o

pE iri Eval •
dry based on
period in compari~
spring & son,with
summer; historic.
Hail records,
suppr. crop
in June~ dama~e &
Oct. hail

pads
,~' ~

CN-2 IDevpt 11,50000 IArti fi ci al
PE; E km2 precipitil.tion

enhancement
experiment in
Shandung

.,"

Shandung
p'rovinc~
of China

1989 I Gov.
Yes Agri.

wea
ther

, serv.

2 Aircraft AG I
acetone generator
Dry Ice dispenser
for in clOud seeding
at -loC - -7°C

2 aircraft,
;'9 kg AG I
consumed and
.4 kg/km
Dry Ice and
2600 kg total

Layer clouds treated
with cloud base temp.
(+10ot and cloud top
temp. <OOC but) -20°C
criteria for treatment
based on weather pre~

diction & sateHite
photOgraph

M~rch - INane
Jl.lrie
Sept. -
Oct. 1989
17 days

~



Cl) ( 2) (3) (4) (5) (6) , (7) (8) (9) (10) (11 ) Cl2)

CHINA (CQntinued)

CN-3 PE 15000 Precip. In Jilin 1986 !iQv. 2 Aircraft artillery Ag I FQr cumulus height of April - EYal.
E km2 enhancement prQvince Yes Agri . shells Ag I acetone 0.3 - 1.0 gr/km clQud base <1 km; Sept. based Qn
Ext E PrQj. Qf Fores- generatQr explQsives Dry ice Temp. of cloud tQP historic.
Inc. Jil in try liquid spray 100 IVl 000 gr/km )-20°C; Height of cloud records,

HydrQ. tQp> 6 km; depth of crQP da-
Resea- cloud} 1.6 km; cloud mage and
rch seeding at -5°~-20°C hail pads
Fdt. eval.

wi 11 be-
come
available

CN-4 0 1000 Hail Yian Zing 1973 GOY. Art ill ery shells Ag I Total In cloud seeding con- May - Compari-
H km2 suppression cQunty Qf Yes Agri. consumption 8 kg vective clQuds, cloud Oct. son with

plan of Beijing base temp.). +10 0 C; 150 days historic.
Beijing cloud top temps. <: -20°C; records;

cloud top height>8 km document
radar reflect ~ 40 dbz available

CN-5 R Local Obsery. and Changsha 1989 Res. Artillery shells Ag I 20 gr-40 gr Cumulus clouds; cloud July - Evalua-
obs. analysis of Hunan, China Yes Found. per cloud, total base> 10 0 e; cloud tops Aug. tion is Irain water Ell 1°37' used 2 kg colder than -20°C; 42 days compari-

temperatures N28,8° release in cloud, 3000- son with !
Qf seeded and 4000 m. abQve earth temp. of

I
unseeded cloud~ surface rain of

natural
c"loud

"-D



(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

CHINA (Continued)

CN-6

Randoniized 1979 - Two 37 nm Fixed Hi lly area Standard seeding Double ratio
seeding 1988 anti- target Target area period S niinutes statistical
expo in July - aircraft 3300 km2 1 cloud =unit test more Ilre-
Hunan Prov. Sept. guns with 120-130 precip. 36 seeded clouds cipitation
Single Ag I + expl. gauges 31 not seeded stronger radar
Cuntulus 3-4 km recording clouds echo level of
seeding altitude selection criteria strong COre
experiment of seeding radar echo tOil > lowered seed,

2 km 6 knt reflective no seed ratio
seeding rattor> 30 dbz 1.14 statistical
track equivalent radius> Significance>
40 gr/5 min. 2 km 0.05

.,

........
o

I



'-,

(1) (2) (3 ) (4) (5) (6) (7) (8) (9) (10) (11 ) (12 )

CHINA (Continued)

CN-7 Hai 1 124,0 Operation of 116°42'5" - 1974 Gov. Artillery shells In-cloud seeding Convective clouds with April - Crop
Supp. km2 hail suppr. 118°3'31" E Yes Agri. and rockets above OOC bases generally warmer Oct. damage

Tianjin 38°33'57" - explosive type .36 kg per than 10°C and cloud 1989 evalua-
40°14'5" N seeding operation tops colder than -20°C 29 days tion
Tianjin Total consumption radar echo ~30 db~ criteria

10.5 kg H ~ 8 km

CN-8 R. 1600 Qing Hai For P.E. H.S. Gov. 37 type anti- In cloud seeding P. E. Ag I. PE 4-6 mo Analysis
Deve. km 2 province 102°12-102°38 E conm- Agri. aircraft gun -2° to -13°C 0.11 -. 0.1 gr/k~ Hail of rain
P on of weather 36°07-36°39 N enced \olea. (2-4 km) Hail - 1-3gr/kgm 5-10 mo drop si~e

Hai 1 stra- modification For hail ope- Serv. Total consumption for: PE: 66 distr.
Supp tified 101°07-102°47E ration Met. PE = 1 kg AgI days Comp.

clouds 35°43' N in 74 Res. H.S. = 30 kg AgI Hai l: Hist.
spring pe 87 Inst. Criteria for seeding 140 days records
for PE Yes Qing- P. E. H=Hei ght ~ 4900 Crop
area HS Hai II H~ 3000 m damage
east of area Prov. db ~20db evalu-
Qing Ha for Hail H~6000 m ation
for hai db >35 db
HS = Hm >....4500 m
40 000
km2

COTE D'IYOIRE

CI-l PE 10000 -- In a forest 1987 Agr. 3 AgI acetone Ag I 12.5 gr/hour Convective clouds with Dec-Jan All
Inc. km2 120 km from Proj. Palm generators Total consumption with cloud base temp. Feb-Apr. records
R target the sea of the to go Indu. 25 kg >+ 10°C and cloud top 150 availabl

50000 Gulf of Guinee from temp. colder than OOC hours to WHO
km2 Jan and warmer than - 20°C Compari-
control 87 to son with

Dec 91 hist.
records

-

->
->
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(1) ( 2) ( 3) (4) (5 ) (6) (7) (8) (9) ( 10)

CQTE D'IVQIRE ICont\nued)

CI-2

Augmentation 5 years Ground based Target Flat terrain -- increase in -- -- G.J.R. Baudet
of Dec- Ag I control ra i nfall I. Dessens &
Precipitation Apri 1 generator + 40% J.P.Lacaux
in a forest The journal of
in Cote weather modiflcatio
d'Ivoire Apri 1 1986 vol. 18
with a ground No. 1 p.10 to 13
based Ag I
generator

--"
N
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: 1- \ 2) (3 ) (4) (5 ) (6) ( 7) (8) (9) (10) (11 ) ( 12)

C;\llil\

rU-·l PE 10000 Campana 78°10' 1982 Govt. 2 aircraft cartridges Ag I cartridges In cloud seeding May-
O km 2 de Lluvia 21°30' Yes Met. 4000 used 4000 consumption -5° -10° Oct.
Drough Procada Province of Ser. 2 kg Ag I 20 days
Inc. R Guantanamo
during
",et
period

FRANCE

FR-l Res. Target Hail Supp. SW France 1952 Ins. AgI GIB 496 acetone AgI 8 gr/hr/gen Convective clouds April- Compa-
Op. 55000 (ANELFA) Dept. 9,11,16 Yes Agr. burners 949 kg cloud base Oct. rison
Ha; 1 km 2 17,31 ,33 , 4-0 colder <+10 0 C with
SLIPP 4-70000 64,65,66,81 cloud top hist.

km 2 colder" -20°C record
control & with

claims
in ad-
joining

_area

->
w



(1) ( 2) ( 3) (4) (5) (6) (7) (8) (9.) (10)

FRANCE (Continued)
,

FR-2

Results of
a 30-year
hail prev.
project
in SW France

FR-3

Testing
the Soviet
hail reduc
tion system
used in
Grossversuch
IV

38 years
. 1 Apri 1
to~l

October
1989

5 years
1977-81
15 May_
15 Sept.

496 ground
based AgI
generators

AgI with
Oblakov
rocket
altitude of
seeding
2-8 km
seeding rate
84 g AgI per
rocket

Target
and
control
(adjoin
ing)
fixed
areas

Cross
over
design
50%-50%

Hilly 55000 km2
target area
470 000 km2
control area
and hail pads

Mountainous
target area
1200 km2.
Control area
1200 km2
20 preci. gauges
in target area
20 in control
area other veri
fication
quantities
dB2~55 dBz
aircraft cloud
meas. hail pads
mass number of' ha1l1
stOnes dia.

Annual season is
1 unit. 8 units not
seeded. 13 units
li ghtly seeded.
22 units heavy seeded

1 unit-12h-21h. Soviet
criteria to determine
if seedable

diminution Of
hail mass
41% reduction
in loss to risk
ratio

83 seed.
122 no seed cases
with hail on
ground. 62 no
seed. 47 seed
qualitatively
no difference
between seed/
unseed tendency
of a diminution
of surface hail

Comparison
of hail
damage in
the target
area with
hail dama
ge in the
control
areas

Change in
precipi
tation
downwind
from target
area
expected
to increase

Scientific pub.
Hail in SW France
Part I: Hailfall
characteristics
and hai 1
environment.
Part 11: Results
of a 30 Year
priilvention
project with AgI
seeding from the
ground~
Journal of climate
and applied clima
tology, 25, 35-58.
Analysis comment:.
Damage reduction
frQm ha11 wi th a
C/B ratio of' 1/24

Journal of APplied
Meteorology,
J-F. Mezeh,
May 1990, p~401-417

References listed
to France"contri-
bution. .
G.T. D'Aubigny

....
-l:'-

I
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(1) (2) ( 3) I (4) (5 ) (6) (7) (8) (9) (10) (11 ) (12 )

GERMANY. FEDERAL REPUBLIC OF

GE-1 Hail 2500 Hail Supp. Germany around 1980 Priv. 1 aircraft using Pyrotechnique Convective Clouds Normally Compa-
0 km2 in Stuttlilart Stuttlilart Yes Local pyrotechniqui flares flares 0.6 klil AliIl cloud base temp) 10°C May-July rison
R area 49°N 10 0 E Govern for cloud base Seeding per ha; 1 cell cloud top tem <-20°C 25 Apr. with

Agri Total consumption Criteria for selecting 10 Oct. hist.
+ Ins. 26 kg days aerological period record
Co. indices; for selecting of ope- hail pads

clouds radar crit. ration 1ife
~25 dbc + top height in 89 history
~25 000 ft of cell s

& prec.
charac-
teristics

'J1



(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

GE-2

Hail supp. 10 years Airborne Target Site - hilly For ten seasons V-test Wilcoxon Sample size Precipi- Qecreasing
in Stuttgart 25 April seeding with and 5 + flat 1800 was average (Ranks) 177 seed tation hail stones
area to 10 Ag I at cloud control target area time of seedin~ Kolmogoroff d;1YS downwind sizes
involving October base (1000- areas 2500 km2 Qualitative result 395 no seed increased
cumulus 1989 2500 m) (4 adja Control,.; 7000 km less rain days for up to
clouds seeding track cent + 111 preci p. Quantitative 100 km2

'\15 km 1 dis- gauges in target Hail <;lrea Not of
seeding rate tant IV + control area 55 % decrease statis-
0.5 kg/hr-:o. 150 km) 8-10 recording Hail energy tical
10 kg/hr ? 2x2 km gauges 41 % decrease significanc
0.5 kg/cell for sub radar reflectivity

div. of aircraft cloud
target measurements
control other meas.
areas

-'

'"
I



(1) (2 ) (3 ) (4) (5 ) (6) (7) (8) (9) (10) (11) ( 12)

GREECE

GR-1 H 5000 National Hail Northern 1984 Gov. 5 aircraft AgI 70gr/km. Total Seeding convective 15 May- Hist.
0 km 2 Suppression Greece Yes Agri. Pyrotechnique flares consumption clouds with cloud base 30 Sept. records

Programme 111.08 kg. colder than +10°C & 1989 crop
4,384 flares of cloud tops colder than 138 days damage
20gr for seeding -20°C. 35 dBz above hai 1
cloud taps. 156 - 5°C level criteria pads
end burner fl ares for seeding for eva-
far seeding cloud luation
base 150 gr AgI docs
each available

~

--J

I



(1) (2) (3) (4) (5) (6) (7) (8) (9) ( 111)
...

GREECE (Continued)

GR-2

Hail Supp 5 years Airborne Target Terrain is 1 unit = 24 hours Less h!,il mass 70% reduc- IOreek Agri.
1984-88 Ag! Altitude control mountainous 135 dBz at -5°C seed tion cultural
15 Apri 1 of seeding + cross hilly and flat determines seedability no seed 95% sta- InsuranCe Organi-
30 Sept 5000m (-lO°C) over target + control 37 days seeded + Statis. s;gnif. tistical zation (ELGA)

seeding rate Area areas=lOOO km2 37 days not seeded 95% signi- issues detailed
14.4 kg/ho' fixed 130 hailpads ficance operational

1n each target !,I1d eVllluat10n
and control area reports

lh

......
QO

I
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

I.R1ll:l.

IR-1 PE 200 -- In central 1989 Gov. 18 ground generators AgI ground In passage of cyclone In co;d No

Inc. kmz part of Iran Not Minis acetone burners generators system, especially season EIS or

Prec. Yazd fully of in passage of cold approx. cost

during imple- Power front 10 days benefit

wet mented Hydr.
studies

period

LIBYAN ARAB JAMAHIRIYA

LI-I PE 69000 Li byan cloud Tripoli 1980 Trans. 10 aircraft For convective + Predominant cloud base 1 oct- No doc

Aug- kmz seeding and Sirte Elmarje Yes Gov. 1 Mitsubi shi orographic clouds seeding at -5°C 31 March

ment prec i pitat ion 5 cm radar, 2 enter- AgI flares single clouds form

rou- enhancement prise radars, 1 SESNA experimental unit with

tine
402 B, 2 Piper 31 cold top at -10°C

water
10+20 gr dropable

supply
flares of AgI and

0
fixed wing flares for
cloud base in cloud
and cloud top seeding

MADAGASCAR

MA-1 PE 400 -- Fanambana 1989 Gov. 1 aircraft NaCl powder at cloud instability Feb. Evalua-

Drough km2 not Agri . base of cloud criteria for seeding tion

D known 225 g/mm. Total based on
dispensed 10 kg historic
convective clouds records

'+ orographic clouds comparison
with
raingauge

"0



(1) (2) ( 3) (4) (~) ~~) P) ~~> (~) PO)

'"~ -.. , '-:::.,

MADAGASCAR .. (Cont, nued)

MA-2 I

Region de
Toliary
PE-Object
major clouds
orographic
+ cumulus

1 year
Jan
April

NaCl
15 kg/hour
released from
an aircraft
at 2000-
3000 m over
target

Target
size
15000
km2

with
6 rain
gauges

Evaluation
based on
comparison with
other raingauges
Quantitat if
comparison
suggest 15.Q-300%
of normal

I

N
:0



(1) (2) (3) (4) (5) (6) (7) (B) (9) (10) (11) (12)

~

MO-I 0 14300 Progranme 31°25'-32°5' N -- Gov. 7 AgI gen. AgI 20 gr/hr Seeding in cloud at Nov-Apri 1 Evalua-
R km2 Al Ghait 5°25' - 7°25'N Yes Wea. 3 aircraft 48 kg/season -BoC or between -10°C 16 hours tion
PE Central + High Serv. 2940 kg propane/ to _5°C seeding based on
Drough Atlas Mtns Trans season convective clouds and target-

orographic formed clouds control
in temp between -5°C and relation
-20°C and 1 km in depth ship
Convective clouds .. seed ..'
between -10°C and -25°C·
and 2km deep and at
least -5°C on top

I.

N
~
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--

MOROCCO (Continued)

MO-2

Progranme ,6 years 7 AgI ground Target Mountainous Qualitatively
Al Ghait 1 NOv- generators control tetrain. 30 precij:litation
High Central 30 Apr. 3 aircraft design precipitation increased
Atlas Mtns. generators 150- gauges in target
Precipitation seedins 200 km area and lS in
augmentation between sepa- control. 4 recot-·
both rain and O°C 46°C ration ding gaugeS
snow mostly burning radar and aircraft
with frontal 0.375 kg/hour to support
clouds evaluation

N
N

I
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PHILIPPINES

PH-l Drough Missing Bureau of National scope 1987 Gov. 4 aircraft not listed In planning phase Jan-Dec Compa-
Relief soils and (whenever Agr. 1989 rison
Rou- Water . needed) with
tine management historic
Water records
Supply
0

UNIDN OF SOVIET SOCIALIST REPUBLICS

SU-1 H 7000 Hail Supp Tadzhik SSR 1964 Agr. Air: .in cloud seeding AgI treating Cloud base temp warmer April- Evalua-
0 km2 (Tajik) Yes Wea. between -6 and -10°C convective clouds than + 10°C + cloud top August tion

Serv. using rockets and colder than -20°C 40 days based on
Gov. artillery shells with cloud are selected compa-

explosives and for seeding when rison
andpyrotechnic flare P> 0.4 and when with
generator releasing Z 3.2 <" historic
AgI rro records

EIS
made but
not
available

SU-2 H 8600 Hail Supp Uzbek SSR 1967 Agr. Rockets and artillery AgI Convective clouds. In April- Evalua-
0 km2 Yes Wea. shells' with pyro- cloud seeding between Sept. tion

Serv. technic + explosive -6°C and -10°C cloud 52 days based on
Ag I charges bases warmer than +10 oC historic

cloud top temp. (-20°C records
Treatment started when Evalua-
Pt) 4 when tion made
~~1 but not
Z 10 '" available

SU-3 H 13150 Hail Supp Georgian SS 1964 Agr. Rockets and artillery Using AgI in cloud Convective clouds with April- Evalua-
Rep. Yes Wea. shells using seeding between cloud base temp colder Oct. tion

Serv. pyrotechnic flares -6°C and -10°C than +10 oC and cloud 67 days based on
Gov. and explosives top temp colder than compa-

.-20 oC.seeding to rison
.• conmence when P).4 with

for :~<'" .. ' historic
Z 10 records

EIS
made but
not
available

N
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UNION OF SqYIET SOCl8LIST REPUeLICS (continued)

SU-4 H 24400 Hail Supp Moldavian SS 1964 Agr. Rockets + pyrotechnic AgI Convective clouds with May- EIS made
0 km2 Rep. Yes Wea. flares for in Cloud cloud base warmer than Sept. but not

Serv. seeding at -6°C to + 10°C and cloud top 50 days availabl
Gov. - 15°C colder than -20°C evalu-

seeding to commence ation
when p.~ 4 a.nd based

~'
on histo

10 rical
records

SU-5 H 4015 Hail Supp Odessa Region 1980 Agr. Rockets + pyrotechnic ' In cloud seeding Convective clouds with May- Evalua-
km2 Ukrainian Rep. Yes Wea. flares at -6° to -10°C cloud base warmer than Sept. wi 11 be

Serv. AgI + 10°C and cloud top 25 days based on
colder than -20°C compar;-
Criteria for modifi- son with
cation Pt:o~ and historic
~3.2<1 records,
).10

SU-6 0 10030 Hail Supp Armenian SS 1964 Agr. Rockets + artillery AgI in cloud Convective clouds with April- Evalua-
km2 Rep. Yes Wea. shells seeding disbursed cloud base temp colder Oct. will be

Serv. by exPlosions than 10°C and the cloud 70 days based on
Gov. and pyrotechnic top temp colder than compari-

flares at temp -20°C. Criteria for son with
at -60to -10°C modification historic

records

SU-7 H 5010 Hail Crima region 1968 Gov. Rockets and AgI in cloud Convective clouds May Evalua-
0 km2 'Suppress ion Ukrainian Yes Agri. flares ' seeding between with cloud base temp Sept. tion be

SS Rep Wea. -6°e..-l00C +10 0C or warmer and 37 days based on
Serv. cloud top temp are compa-

cOlder than -20°C rison
with
hist.
records

SU-B ' Hai 1 7700 ,Hail supp. .Krasnodar ' 1967 Gov. Rockets artillery Ag I ' Convective clouds with ' May- Evalua-
0 km2 'Territory , Yes Agr; • ' shells and ,'cloud, base +10°C or Sept. tion

Wea. pyrotechnic flares warmer and cloud top 56 days based
Serv. explosive flares -20°C or colder. on comp

in cloud seeding criteria for seeding with
between -6°C -10°C when Pt~0.4 and historica

"\3.2 (' records
no

I

~
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IINTm nl' <:nVTI'T "n,..· T<:T 0"011"'1 T,.." (continued)

SU-9 H 11450 Hail Supp The North 1967 Gov. Rockets + pyrotechnic AgI Convective clouds with April~ Compari-
0 km2 Caucasus Yes Agri . flares in cloud seedin cloud base colder than Sept. son with

Wea. between -3DC and -15DC +10 DC and cloud tops 58 days hist.
Serv. colder than -20DC records

criteria for seeding
Pt ~0.4 ratio of reflection
>'3.2 <1m-

SU-l0 Hai 1 13300 Hail Supp Azerbaijan 1967 Gov. Ag I Rockets artillery In cloud seeding April- Compari-
0 SS Rep Agr. shells + between - 6DC-1>-1 ODC Oct. son with

Wea pyrotechnic Convective clouds 53 days hi stori cal
Serv flare with cloud base colder records

Ag I than + 10DC and cloud
tops colder than -20DC
Probability of hail
Pt ~4 and
~3.2 <1
XTIJ

SU-11 H Target Compl ex hail Kabardino 1983 Gov. Rockets pyrotechnic Ag I Convective clouds with May- Evalu-
Res 2500 experiment Balkarian Yes Res. fl ares in cloud bases colder than +10DC August ation

km2 Autonomous Foun- seeding between and cloud tops colder compari-
control SS Rep dation - 6DC-l>10 DC than -20DC ratio of ZR son with
3000 Wea. reflections hi stori cal
km2 ,-

Ser. ~3.2 (I records
;no
Pt ~O. 4

SU-i2 PE 5000 Cloud seeding Ukrainia 1985 Gov. Aircraft Ag I Strati form clouds. Jan-March Evalua
H for preci- SS Rep Yes Agri. Pyrotechnic flare Cloud base colder than Nov-Oec tion
Op pitati on Wea + solid dispersal +10 DC. Cloud tops 72 days based

Enhancement Serv. colder than ODC but on
warmer than -20DC. comp.
Stratiform clouds with
must be thicker than histo-
than 500 m rical

records

SU-13 PE 6800 Cloud seeding Georgian 1985 Gov. Rockets Pyrotechnic Ag I Cony. clouds with cloud May-Sept Evalua-
H km2 for precipi- SS Rep Yes Agri. flare: In cloud bases colder than +IOoC 42 days tion
Op. tation Wea seeding at -GDC to and cloud tops colder using

enhancement Serv. -10DC than -20DC:-Ierti cal histo-
depth of clouds more tical
than 2 km records

N
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UNION OF SOVIET SOCIALIST REPUBLICS continued)

SU-14 H 2000 Cloud seeding Uzbek. SS Rep 1985 Gov. Rockets. In cloud AgI Layer type clouds. Jan to Evalua-

0 km2 for precipi- Yes Agri. seeding in -45 C to Cloud base colder than March tion

PE tation enhan- Wea. -10°C. Temperature +10°C. Cloud top Nov to based on

cement Serv. range colder than O°C but Dec. historic
warmer than -20°C. 23 days records

Evalua-
tion
available

"

SU-15 F"Og 3,500 x Artifici·al Airport in 1985 Trans- Ground seeding Strati form cloud colder Jan to Physical

0 500 x dispersal Of Kishinev city Yes porta A~etone generator than + 10°C at base March assess-

100 m supercooled Moldavian Yes tion operated in area & colder than OOC Nov- ment

fog at air- SS Rep Wea. to be affected but warmer than -20°C. Dec
fields Serv. liquid nitrogen Temperature wind 8 days

; and propane speed availability of
supercooled water
in fog

,I/AlnF"D ARAB MIRATE',

UAE~'l PE 250 HQ Air Force 24°26' N 1989 Gov. 1 aircraft with AgI rate of In cloud and cloud top Jan-May Seeded

0 km2 GHQ Armed 54°Z7' E Yes Armed pyrotechnic flare consumption varies seeding. Seeding level 1989 cloud

Aug. Forces Forces Total consumption approx. -10°C 20 days trajec-

Water Rain Enhan- 35.00 kg Cloud base >10°C tory

Supply cement Project Cloud top> OOC col der US rain

Inc. but warmer than -20°C gauge

water 1 gm/m3 super cooled results

in wet water 300 ft updrafts
period

UNITED STAT~S OF AMERICA

US-l Op 1500 Utah water Northern Utah -- State 30 ground based 6gr/hr/gen. -- 1-4/89 --
Inc. km2 resources Dev Ag I generators Ag 1-30 25 days

Snow Corp. 13587 gm lZ/88

pack NOAA 89-685 1062 gm 4 days

US-Z Op 2225 Kings River Kings River -- Water 10 ground based Ag I ground -- 1-5/89 --
PE mi 2 Conse,rv. Water,shed, CA Dist. Ag I generators generators 21 days

District 1 aircraft wing tip 6-9 gr/hr. Total 12/89
Fresno.CA generator used 5565 gm. o day

NOAA 89-684 Aircraft gen.
120-180 gr/hr

,

N
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(1) (2) (3) (4) (5 ) (6) (7) (8) (9) (10) (11 ) (12)

UNIT~P STATgS OF AMERICA (continued)

US-3 Op 10000 Utah water Southern and -- State 71 ground based 6 gr/hr -- 1-4/89 --
PE mi 2 Resources Co. Central Utah -- State Ag I gen 18.999 gm and 24 days

11400 Development 6,561 gm 11-12/89

mi 2 Corp.
13 days

NOAA 89-683

US-4 Op 1000 Utah power and Smi th and -- Elec- 12 propane fired Ag I - 6 gr/hr -- 1-4/89 --
PE mi 2 light. Salt Thomas Forks tric Ag I ground based 7095 gm and 18 days

Lake City of the Bear Power 3306 gm 11-12/89

Utah, NOAA River Water- Uti- 12 days

89-682 shed. Utah lity

US-5 Fog 10 Salt Lake City Salt Lake City -- Pri- Aerial release of CO2 -- -- 0 --
Disp. mi 2 Airport NOAA Airport vate

89-681 Co.

US-6 Fog 10 Salt Lake City Salt Lake City -- Delta Aerial Release of CO2 C02 (dry ice) -- 10 days --
Disp. mi 2 Airport NOAA Airport air- 1-3 (89) o days

89-680 lines 11-12 (89)

US-7 PE 100 Vail + Beaver Beaver Creek -- Pri- 10 ground based Ag I Ag I - NHI,I -- 1-3/89 --
Snow mi 2 Creek ski Town of Vail -- vate NH4I generators 5-20 gm/hr 18 days

pack areas NOAA Town of Avon -- Co 4136 gm 11-12/89

89-679
20 days

US-8 Snow 1500 Nevada State Truckee River -- DRI Ground based gen. 6 propane burning -- 1-4/89 --
pack mi 2 Wea. Mod. watershed State aerial released flares AgI-Ch3COCH3 34 days

Progranme Inst. generators + 10-12/89

NOAA 89-678 200 AgI flares 5 days
6 gr/hr/generator
200g/hr/flare
34159 gr
5935 gr

US-9 Inc. 1500 Nevada State Carson + Walker -- DRI Ground based gen. 3 propane burning -- 1-4/89 --
Snow- mi 2 Wea. Mod. Rivers State aerial release flares AgI-CH3COCH3 24 days

pack Progranme Watershed Inst. ground based 10-12/89

NOAA 89-677 generators 2 days
6gr/hr
200 gr/hr/flares
4697 gm and
1920 gm

I

N
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(1) (2) (3 ) (4) (5) (6) (7) (8) (9) (10) (11) (12)

UNITED STATES OF AMERICA (continued)

US-l0 Inc. 90,0 Nevada State Western Ruby -- DRI Ground based 6 propane burning -- 1-4/89
Snow . mi 2 Wea. Mod Mts. Nev. State gen. AgI CHaCOCHa 25 days
pack progranme Ins.t. 6 gr/hr 10-12/89

NOAA 89-676 2405 gm and 4 days
570 gm

US-l1 Inc. 500 Pacific gas Lake Almanor -- Priv. Ground based 9 propane burning -- 1-5/89
Snow- mi 2 + electric .Co. Sierra Nevada Uti- generators 34 days
pack NOAA 89-675 Mts (CA) lity AgI + CH 3COCH3 11-12/89

AgI - NH4I 3 days
25 gr/hr
21850 gm and
2100 gm

US-12 Inc. 25,0 Pacific Gas Mokelumne -- .Priv. Ground based 25gr/hour -- 1-5189 --
Snow mi 2 Electric Co. Cel')tral Elec. 5 CH3COCH3-AgI CH3COCH3AgI 26 days
pack NOAA 89-674 Sierra Nevada Uti- and AgI-NH4I and AgINH4I 11-12/89

Mts lity generators 14437 gm and o days
o gm

US-13 Inc. 200 Utah water Wasatch Mtns -- Utah 16 ground based 6 gr/hour/gen AgI -- 1-4/89 --
Snow and resources dev. east of Salt State propane burning AgI 9830 gm and 19 days
pack 600 NOAA Corp. Lake generators 5549 gm 11-12/89

mi 2 89-673 12 days

US-14 Inc. 3500 Santa Barbara Coastal Strip -- Gal 10 ground based AgI Ground based -- 1-4/89 --
Prec .. mi 2 County Water of Santa State generators. 2 wing 9 gr/hour 7 days

Agency Barbara'and Water tip AgI generators aerial release 11-12/89
San Luis Obispo Ag'ency 180 gr/hour 2 days
County. CA 6745 gm

1150 gm

US-15 Inc. 236 SMUD NOAA Ameri can Ri ver -- Elec- 8 ground based CH 3COCH3-AgI -- 1-3/89 --
Prec. 89-671 Watershed, CA tric CH3COCH3-AgI and AgI-NH43 12 days

Sacramento Power and AgI-NH4I 6080 gm and 10-11/89
Municipal generators 631 gm 3 days
Utility Dist.

US-16 Inc. 1088 NOAA 89-670 Comanche County -- Reg. 22 ground based AgI 5-2.0 gr/hour -- 7-10/89 --
Prec. mi 2 Comanche Co OK, USA Water propane AgI generators 2426 gm 54 days

Wea. Mod. Inc. Supply

N
(:ll
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UNITED STATES OF AMERICA (continued)

US-17 Cold 2 roi 2 ' USAF Fairchild Fa i rchil d -- USAF 23 dispensing wands C3Hs propane -- 1-3/89 --
Fog AFB Wash. USA AFB US (17-20 ft) 12 gal/hour 14 days
Dissp. (Spokane, Wa) Gov. 3975 and 8068 gal 10-12/89

21 days

US-18 Cold 2 mi 2 Elmendorf AFB Elmendorf AFB -- US 24 dispensing wands C3Hs (propane) -- 1-4/89 --
FOil Alaska NoAA runways Air 17-20 ft 12 lIal/hour 2 days
Dissp. 89-668 Alaska Force 570 gal and 10/89

480 gal 1 day

U5-19 Inc. 84 Hitch Agri- Texas County -- Agri. 10 arc type 20 gr/hour -- 5-10/89 --
Preci mi 2 business OK, USA Ag I generators 2342 gm 108 days

Guyman, OK
NOAA 89-667

US-20 Hail 8300 Western Kansas West central + -- County 10 ground based AgI 6-9 gr/hour -- not available
Supp mi 2 ground water Southwest Organ. Ag I generators + 120-180 gr/hour
Prec. management Kansas wing tip. AgI
incr. Dist. 1 generators

US-21 Res. 20000 Summer cumulus Central -- NOAA Aerial release of Ag1 20gr/flare -- 5-7/89 --
mi 2 research Illinois ERL Pyrotechnics. Total used 375 16 days

NOAA 89-665 Central Illinois

US-22 Res. 20096 Thunderstorm South Central -- State Aerial release over AgI + SF6 -- 6-8/89 --
Hai 1 mi 2 + hail miti- North Dakota Gov. South Central est. 120-180gr/hr 8 days
Thun- gation res. North Dakota Total used 177 gm
der- NoAA 89-664 + 552 gm
storm /

US-23 Prec. 6815 North Dakota Northwestern -- State Aerial release AgI - NH'II 6-8/89 --
inc. mi 2 atm. resources Oakota Gov. generators eject. 39 days
Hail board Di strict II pyrotechnics dry
M1ti,g NOAA 89-663 ice. For hail

10-100 nuclei/liter
Preci. increase
1 nuclei/liter
Total material usec
8072 gm and 708 lb

N
-.0
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UNIT!' <:rATE nF AMERICA (continued

US-24 Hai 1 2388 North Dakota SW N. Dakota -- State AgI- NH41 Ag1NH4I, CO2, -- 6-8/89 --
Mitig mi 2 Dist. 1 Dist. 1 Gov. generators ejectable Pyrotechnics 26 days
PE SW-N Dakota pyrotechnic dry ice 23959 gm and

NOAA 89-662 SW-N- Dakota 271 lbs (CO2)
For hail 10-100 art
nuclei/liter
For PE-1 nuclei/liter

US-25 Inc. 3125 Utah water Uinta Mtns -- State Ground based AgI and AgINH41 3-5/89 --
Snow mi 2 resources Utah Gov. generators 9003 gm total 28 days
pack Dev ..Corp. AgI + AgINH4I consumption

NOAA 89-661

US-26 Inc. 1800 Feather River Feather River -- State Aerial release AgI and AgINH4! -- 2-4/89 --
Prec. mi 2 Watershed Watershed Gov. aircraft generator 150 gr/hour 12 days

NDAA 89-660 17620 gm total
Dept. of water consumption
resources

US-27 PE 4700 City of West Central -- City Aerial release AgI generator -- 4-10/89 --
mi 2 San Angelo, Texas ejectable 38 days

Texas pyrotechnics
NOAA 89.,.659 150-225 gr/hour

10. or 20 gr eject.
pyrotechnic
37840 gm total
dispersion

US-28 PE 350 Stockton E Calaveras -- City Aerial release AgI-Dry ice -- 3-4/89
Water district Creek Water- AgI 50-500 gr/hr 11/89
NOAA 89-658 shed C02 1-2 1bs/mi 14 days

4380 gm total
dispensed

US-29 Fog 10 NOAA 89-657 Medford Or. -- Unit. Aerial release C02 9535 -- 1/89 --
Disp. mi 2 Logan + Reaves Airport Air- 11 days

Air Medford lines
Medfor
Airport

US-3D PE 500 City of Pine and -- San Aerial release AgI 50-500 gr/hr -- 3-12/89 --
mi 2 San Diego Boulder Creek Diego C02 1-2 lbs/mile 4 days

NOAA 89-656 Watersheds City 306 gm total
Water
Dept.

I"N
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UNITEP STATES OF AMERICA (continued)

US-Sl Inc. 1600 Bear River Southeastern -- Priv. Ground-based 20 AgI AgI 6 gr/hr -- 1-4/89 --
Snow mi 2 RC + 0 Logan Idaho Water generators 15,657 gm total 24 days
pack NOAA 88-654 Supply

US-32 PE 1200 N. Kern River Kern River -- Water Kern River aerial Ejectable pyro- -- 1-4/89 --
mi 2 Water storage watershed. CA Supply release technics + AgI 11189

Dist. ,i Baker generators 13 days
NOAA 88-652 field 60-10.000 gr/hr

Ca Total dispensed
5680 gm

US-3S PE 100 Cal. Edison Santa Catalina -- Elect Aerial release C02 (dry ice) -- 1-4/89 --
mi 2 NOAA, 88-651 Island Uti 1- 1-2 lbs/mile 5 days

Total dispensed
1070 lbs

US-34 Inc. 1500 Utah Water Above 7500 ft -- Water 20 ground based AgI 6gr/hr. Total -- 1-4/89 --
Snow mi 2 Resources .Dev. Weber. Provo Supply Ag I generators dispensed 7800 gm 26 days

pack Corp. Duchesne. State
NOAA 88-650 Utah in the Agency

Wasatch Mtns.

US-3S PE 450 Los Angeles East Slope -- Los Aerial release . Ag I 60-6.000 gr/hr -- 1-11/89

mi 2 Dept. of Water Central Sierra Angele pyrotechnics 40 days

+ Power Nevada Mtns, CA Water
NOAA 88-647 Power

Co.

US-36 Inc. 180 Eden Valley, Big Sandy River -- Irri- Ground based AgI-NH41 AgI-NH4I gene- -- 1-4/89 --
Snow- mi 2 Irrigation & Drainage, WYO gation rator 10115 gr/hr 45 days

pack Employee. Water 17766 gm total
Drainage Supply consumption
Dist.
Farson, WYO
NOAA 88-646

US-37 Inc. 100 Sun Valley, CO Mt. Bal dy, Ski -- Ski Aerial release Ejectable pyro- -- 11-12/89 --
Snow mi 2 NOAA 88-645 Area, ID resort technics AgI 2 days

pack 200-300 grlhr
111 0 gm total

f
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UNITED STATES OF AMERICA (continued)

US-38 PE 1200 So Cal San Joaquin -- Elec. Aerial release + Ag I. 14 AgI -- 1-11/89 --
mi 2' Edison, CO River Water- Power ground based generators 48 days

. NOAA 88-640 shed Co. 10-30000 gr/hour
consuming 11954 gm

US-39 PE 500 Kaweah Delta Kaweah River -- Irri- Pyrotechnic aerial AgI 60-30000 gr/hr -- 1-4/89 --
mi 2 Water Conser- Watershed west gation release + 6 AgI ground consumed 4138 gm 11/89

vation Dist. slope of water" based generators 13 days
NOAA 88-636 Central Sierra

Nevada Mtns; CA

US-40 PE 1000 Red Bluff Texas Portion -- Publ i c Ground based arc type Ag I. 13 AgI arc -- 1-10/89 --
.mi 2 Water Power of Red Bluff Uti- generators type generators 22 days

Control Dist. Lake Watershed lity 26 gr/hr/gen
NOAA 88-628 Texas Co. Total consumed

4601 gm

US-41 .super Est . Northwest Runways Spokane -- Air- Aerial release of C02 pe" ets -- 1-3/89 --
Fog 1 mile Orient Air- Int. Airport line of dry ice CO2 6 lbs/mile 8 days

, Disp. 1ines Op. Total consumption
Spokane Int. 4200 lbs
Ai r.port
NOAA 86-574

YUGOSLAVIA

YU-l H 80000 Hail supp 15°30'to 1971 Gov. 40gr. AgI rocket AgI Convective clouds with Slovenia 40 days

:Dev km2 in Slovenia i9°30' ea:;t Slo- Pi"iv: 680 kg total used cloud bases colder than 25 Apr-

Op. Creatia, Bosnia and 45°C to venia Ag\". 10°C and cloud tops 15 Oct.
Herzegovinia 46°30' North . 1976 colder than -20°C Croatia 180 days

Serbia South Serbia Croa- 2)040 dBz at OoC; 1 Apr-
Macedonia Macedonia tia + 1.4 km depth October

1968 Altitude of 45 dBz Serbia 184 days
Serbia >alt. of OoC + 1.4 km April-
1971 October
Macedonia Macedonic 180 days

15 Apr-
15 Oct.

YU-2 Fog 50 Experimental 50 km South 1986 Gov. Liquid propane 2S kg/hI" liquid Fogs must be colder Dec 89 Evalua-

Disp. km2 operational of Belgrade Yes Ener. 24 propane devices propane total than -4°C and Jan 90 tion

Res .. s.upercooled, release in fogs consumption visibility less 6 days based on

Op. fog seeding \
colder than -1°C 1200 kg than 200 m amount

at open coal
of snow

mines Kolubara ice

"'

falling
from fog
increase
visibility

t-"
[\J
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ADDRESSES OF REPORTING AGENCIES

CISRO
Division Atmospheric Research
Private Bag No. 1
MORDIALLOC, Vie. 3195

Hydro-electric Commission
Water Resources Departmen~

P.O. Box 355 0
HOBART, Tasmania 7001

Zafmug
Zentralanstalt fur Meteoro~ogie und

Geodynamik
Hohe Warte 38
A-1l90 VIENNA

Funceme
Av. Bezerra de Menezes 1820
60000 FORTALEZA - CEARA

Institute of Meteorology and Hydrology
Cloud Physics and Weather Modification

Department
Blvd. Lenin 66
SOFIA 1184

Meteorological_Bureau of Liaoning Province
Office of Artificial Precipitation and Hail

Suppression of Liaoning Province,
69 Chang de Street
Heping Boulevard
SHENYANG, Liaoning Province

Weather Modification Office
Wang Wen Hui
No. 100 Meteorological Road
TIANJIN

The Office of Qing Hai Province
Weather Modification Province Meteorological

Administration
Meteorological Research Institute of Qinghai

Province
XINING

Meteorological Institute of Shandong,
Atmospheric Physics Research Group
Wu Ying Shan
Post Code 250031
JINAN



CHINA (continued)

COTE D' IVOIRE
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Hunan Meteorology Research Institute
Atmosphere Physical Office
23 Yuhua Road
CHANGSHA

Weather Modification Office of Beijing
44 Zi-Zhu-Yuan-Lu
Hai Dian Qu
BEIJING 100081

Universite Nationale de Cote d'Ivoire
Departement de la physique
B.P. 582
ABIDJAN 22

Instituto de Meteorologia
Dpto de Influencia Activa
Apartado 17032
HABANA 17

ANELFA
52 rue Alfred Dumeril
31400 TOULOUSE

-Deutscher Wetterdienst - Zentralamt
Frankfurter Str. 135
60500FFENBACH AM MAIN

Universitat Hohenheim
Institut fur Landeskultur und
_Planzenokologie 320
Postfach 700562
D-7000 STUTTGART 70

ELGA
Antihail Department
30, patission Str.
10170 ATHENS

Regional Water Organization
P.O. Box 575
YAZD

Lybian Cloud Seeding Project
P.B. 14616

_TRIPOLI

Direction de la Meteorologie
. et de l'Hydrologie
Djvision de la Meteorologie Agricole
B.E. 1254
ANTAAANARIVO 101



MOROCCO

PHILIPPINES

USSR

UNITED ARAB EMIRATES

USA

YUGOSLAVIA

-.;l~ -

Direction de la Meteorologie Nationale
Division du Developpement et

de la Recherche
Aeroport CASA/ANFA

Bureau of Soils and Water Management
Corner Visayas Avenue
Elliptical Road
Diliman, QUEZON CITY

USSR State Committee for Hydrometeorology
and Control of Natural Enyironment

12, Pavlik Morozov Street
123376 MOSCOW

UAE, HQ AF & AD
Committee on Rain Enhancement
Planning Department
P.O. Box 906
ABU DHABI

Office of Oceanic and Atmospheric Research
SILVER SPRING, MD 20910

Hydrometeorological Institute of Serbia
Kneza Viseslava 66
11000 BEOGRAD
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List of Members reporting NO weather modification projects in 1989

ARGENTINA
BAHAMAS
BELGIUM
BELIZE
BRUNEI
CAMEROON
CANADA
CENTRAL AFRICAN REPUBLIC
CHAD
COLOMBIA
COSTA RICA
DENMARK
ECUADOR
EGYPT
ETHIOPIA
FRENCH POLYNESIA
GAMBIA
GUYANA
HAITI
HONDURAS
INDIA
IRELAND
JAPAN
KUWAIT
LUXEMBOURG
MALAWI
MALTA
MONGOLIA
MYANMAR
THE CZECH AND SLOVAK FEDERAL

REPUBLIC

THE NETHERLANDS
NEW CALEDONIA
NEW ZEALAND
OMAN
PAKISTAN
PANAMA
POLAND
QATAR, STATE OF
REPUBLIC OF KOREA
REPUBLIC ST. THOMAS
ROMANIA
RWANDA
SAUDI ARABIA
SENEGAL
SEYCHELLES
SINGAPORE
SOLOMON ISLANDS
SRI LANKA
SUDAN
SWEDEN
SWITZERLAND
SYRIAN ARAB REPUBLIC
TANZANIA
TRINITAD AND TOBAGO
TURKEY
UGANDA
URUGUAY
VENEZUELA
ZAMBIA
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WORLD METEOROLOGICAL ORGANIZATION
--------------------------------~-~~-~------------------------------~-------------------------------------------------------------

R/CLA/4, ANNEX A
FORM (l JANUARY 1989)

CLOUD PHYSICS AND WEATHER MODIFICATION RESEARCH PROORAMME

===============================================================================

QUESTIONNAIRE
TO GATHER DATA FOR THE 1989

REGISTER OF NATIONAL WEATHER MODIFICATION PROJECTS

=~~-~--=-===========----============-------============================================

PLEASE MARK APPROPRIATE BOXES

~ER OF WMO SI • • • • • 0 •• e .. • • • • • • .. • .. • • 6 • • • • .. .. .. .. • .. .. .. .. .. .. .. • .. .. • • ..

No weather modification activities in 1989 / /

(Please return this form even if no weather modification activities
have taken place this year).

1. TYPE (PURPOSE) Of WEATHER MODIFICATION ACTIVITY OR PROJECT:

Ca) Precipitation enhancement / /

Activity is response to emergency (e.g., droughts) ••.•.• I /

Activity is for routine water _supply augmentation ••••••• I /

Goal is to extend wet period ••.•.•••.•••••.•••.••••••••• I /

Goal is to increase precipitation during wet period •..•• I /

(b) Precipitation redistribution I /

Cc) Hail suppression ••••••••••••••••••••••••••.•.••_. •• • • • • • • I /

Cd) Fog dispersal ......... -0 .. I /

3.

(e) Other (please specify): •.••_••••••• ~ ••••••••_•••••••••••••

( Research •••••• I I )

( )

THIS IS PRIMARILY A' ( Development 1- I . ) ACTIVITY
( )

( -Operational I I )

PROJlX:T AREA

(a)

(b)

Approximate size of the project target area (Janz):

Approximate size of the control_area (if used) (Janz):
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4. NAME.AND/OR REFERENCE OF PROJECT: •••.••..•••...•.••.....•..••.••...••

5. LOCATION OF AREA IN WHICH PROJECT IS CARRIED OUT:

6. PROJECT HISTORY

(a) Year project started:

(b) Has project been implemented each year since it was started?

Yes I I No I I Not known I I

(c) Is it expected to continue during the coming year?

Yes I I No I I Not known I I

7. NATURE OF ORGANIZATION SPONSORING PROJECT
(Please place X in appropriate box)

====~===============================~=========================================

ACTIVITY OF' ORGANIZATION' GOVERNMENT PRIVATE
----------------------------------------------------------------------------------------------------------------------------------------------------------------

Agriculture

Energy

Forestry

Hydrology .

Research Foundation

Transportation

Weather Servic::e
";'-.'-',':. ".--'-

" . Other (piease~ speciffT)

.- -'-,io- • ""'-',-'
•.,j ',,-" . -, .

- '-'

-. ~'. • To -. ~:' ..... __
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8. PROJECT ACTIVITY THIS YEAR

Ca) During the current reporting year, what months did seeding or
other weather modification activity take place?

(Note: if reporting period extends over two years, as it might
if a project spanning December and January is being reported,
please indicate the years being reported, one example might be:
December 1988, January-February 1989; another might be:
January-February 1989, December 1989).

(b) On how many days did this activity take place?

9. DESCRIPTION OF WEATHER MODIFICATION APPARATUS, MODIFICATION-AGENT AND
THEIR DISPERSAL RATES, TECHNIQUES EMPLOYED, ETC. (see instructions)

Ground / I ..............•.. How many generators? / I

Aircraft / / ........••....•... How many aircrafts? / I

Rockets / / Artillery shells I /

Other (please specify):

Acetone burner

Explosive

/ /

/ I

Pyrotechnic flare / /

Liquid spray / /

Solid dispersal / / Other

Ground / /

Cloud top / I

Cloud base / /

In-cloud / I

If release is in-cloud, at what temperature or other criterion?



======.=====-============================ .. ===========================---=======
Seeding
.Material

Rateo£;Consumption
(gi,veunits')

~otalCons'\lUllpti.on

during this 'yeaT.(kg}
=====~-========----========================================================

PbI2

Dry[ce

flaCl

Pr-opane.

-•.• ee,e -.•.• ;•• '.•.•.• -.• '.•.•.• _ ,•.• ,0 -•..•• ~ ".

• ,e ."..... ;. A A ,. <-.0 •• ~ .... -·_e-.• ,_a -."•.••.• '_. -•••.,.. ,;•.,..

1:0.

;e .• ,'. '....... J".~... '. -,. -••.• ".::- -,. ,. ,. ... -~. -e, .. ,.e." .~. AI -. ;,••.•• .A ;. '.• c. J,e •• _. ",0 •..:. "_. ,•.• ,. ... -. '.• ~. ;.e. -. _••• '.• ,a .-' -'.• '" .~..... .,.-. -, '. ,.... ;••••• _e. •

;Convective
~cumulus) I / Orographic . ·1 I

Layer
(strati£orm) I I

(b) Generally, the cloud .base temperatures fOC) ·are:

,Warmer than +lOoC I I I I

(c·) Generally, t'he cloud top temperatures are:

Warmer thanOoC I I

Colder than O°Cbut warmer than ...,20°C I I

I I

(d) Criteria used to select days or clouds for treatment:

........ ',... _... _....... -..... '.' e ... _. '... '. -. '... '......... -•• ",... -. e '... '. .. .. ....... 11;1 •• _. _. -... '. _. _. • • • ••• -. _••• -. '. -. _. ID
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11. PROVISIONS FOR EVALUATION

Ca) None / /

Cb) Randomized experiment / /

Cc) Comparison with historical records / /

(d) Crop damage __/ __/ Hail pads / /

(e ) Other : ............-...........................................

(f) Is a document on the evaluation
available or planned? -

(g) If so, is it available to WM07

12. MISCELLANEOUS .

YES / /

YES / /

NO / /

NO / /

(a)

Cb)

Was an environmental impact
study prepared for this
project?

Has an analysis been made of the
expected (or actual) costs and
benefits?

YES / /

YES / /

NO / /

NO / /

13 • ORGANIZATION IN CHARGE OF PROJEcT:

(a) Name of key'technical person:

(b) Organization: -.~ •......•..••••.••..••••...•.••................

(c) Postal address: .......•.••...••...••••.•.•.•...•...••........

• • • • • • • • • -••••••••••••••••••••• Cl • Cl ••••••••••••••••••••••• '" •••• 0

14 • OPTIONAL REMARKS:

••••••••••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••• 0 •
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15. REPORTING AGENCY:

(a)

(b)

(c)

Name of reporting agency:

Official title of responsible office:

Postal address:

....... ' ' ' - -. -.',.. -. '.. " '.

(Signature) (Date)

Please complete and return this questionnaire as soon as possible, and
in any case not later than 31 August 1990:

The Secretary-General
World Meteorological Organization
41, Avenue Giuseppe-Motta
Case postale 2300
1211 GENEVA 2
Switzerland
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NOTES FOR COMPLETING REPORT ON WEATHER MODIFICATION ACTIVITIES

Weather modification activities which should be included in the Register

The seeding or dispersing into clouds or fog of any substance with the
object of altering drop-size distribution, producing ice crystals or the
coagulation of droplets, altering the development of hail or lightningl or
influencing in any way the natural development cycle of cloudS or their
environment.

Any other activity performed with the intention of producing
artificial changes in the composition, behaviour or dynamics of the atmosphere.

For example :

(a) The use of fires or heat sources to influence convective
circulation or to evaporate fog;

(b) The modification of the solar radiation exchange of the earth or
clouds, through the release of gases, dusts, liquids or aerosols
into the ~tmosphere;

(c) The modification of the characteristics of land or water
surfaces by dusting or treating with powders, liquid sprays,
dyes, or other materials;

(d) The releasing of electrically charged or radioactive particles,
or ions, into the atmosphere;-

(e) The application of shock waves, sonic energy sources, or other
explosive or acoustic sources to the atmosphere:

(f) The use of aircraft and helicopters to produce downwash for fog
dispersal as well as the use of jet engines and othe~ sources of
artificial wind generation;

(g) The use of lasers or other sources of electromagnetic radiation.

Weather modification activities which need not be included in the Register

Activities of a purely local nature, such as the use of lightning
deflection or static discharge devices in aircraft, boats, or buildings, or
the use of small heat sources, fans, fogging devices, aircraft downwash, or
sprays to prevent the occurrence of frost in tracts or fields planted with
crop~ susceptible to frost or freeze damage.

Note: One completed copy of this form is requested for each weather
modification activity (hereafter referred to as the project).
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ADDITIONAL EXPLANATION
OF QUESTIONS FOR THE

REGISTER OF NATIONAL WEATHER MODIFICATION PROJECTS

ITEM 1

. ITEM 2

Mark (X) in the box that corresponds to purpose of activity. By
project is meant a related series of weather modification
activities having a common objective and conducted at a
particular location.

Mark (X) in the box corresponding to goal of the activity:

Research
Development
Operational

investigating scientific questions;
field work to optimize procedures;
field work intended directly .for economic
benefits.

ITEM 3

ITEM 4

ITEM 5

l'he Target Area is the area over which an effect is sought. The
Control Area (or Areas) are areas that are chosen so as to be
unaffected by the seeding material and used to evaluate results
within the Target Area.

Enter the name and/or reference of projects used by operator. If
the proJect was reported in the previous Register,. please quote
the WMO Register number which appears in colwnn 1.

Indicate the location of the weather modification project by
geographical co-ordinates and name of the region.

ITEM 6 (a) Enter the year in which the first activities under the
present project took place;

ITEM 7

ITEM 8

(b) Indicate if there were breaks in activities or if
activities took place each year since it was started;

(c) Indicate whether the project is expected to continue by
marking (X) in the appropriate box.

Indicate the principal interests of the organization that funds
the project by marking (X) in the appropriate box (use multiple
marks if appropriate).

During what months did the project operate in the field and on
how many days did operations take place? Any other information
related to the scope of the activity·would be helpful. In some
cases projects span two years. It is desirable that the portion
conducted only within the reporting year be included in the
Register for a particular year. If this is not practical, please
indicate the years in which the activities took place, for
example, December 1988, January-February 1989.



ITEM 9
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By weather modification apparatus is meant any apparatus used
with the intention of producing artificial changes in the
composition, behaviour or dYnamics of the atmosphere. For
example: AgI smoke generators, propane devices, flares, rockets,
artillery projectiles, jet engines, etc.

(a) 'Seeding delivery system. Indicate, by marking (X) in the
appropriate box, the nature of the delivery system, ground
based, airborne, etc.;

(b) Indicate the way the seeding material is prepared for
dispersal (e.g., by burning an acetone solution of silver
iodide cCllllplex).· Solid dispersal refers to the release of
pellets (e.g., dry ice), powder (e.g., NaCI), etc.;

(c) Indicate the location at which seeding material is
dispersed;

(d) Indicate what seeding material is used and the rate of
dissemination (mass per unit of time, mass per cloud,
etc.). Indicate total amount of material dispensed during
the reporting period in kilograms.

ITEM 10 (a) Indicate, by marking (X) in the box, the general
characteristics of: the clouds that are selected for
treatment;

ITEM 11

ITEM 12

ITEM 13

ITEM ·14

ITEM 15

(b) Indicate the predominate range of cloud base temperatures;

(c) Indicate the predominate range of cloud top temperatures;

(d) What are the characteristics that distinguish days or
clouds that are treated from those that are not treated?

This question relates to the evaluation of the effectiveness of
the project. More information on the means used to judge the
merit of the project are welcomed and can be described under
Item 14 or on a separate page.

This question relates to any analysis that has been made to
predict and/or measure the total change in the environment that
is affected by the activity and, separately, the economic
benefits expected or achieved.

Please supply the name and address of agency to which any request
for further information should be directed.

This' item is to permit the reporting person to include any
information not covered by items 1 through 13 but which he [eels
is significant or of interest such as references to published
reports describing results of the weather modification operation
or experiment. Any information not previously reported, definite
plans for a new project, information that is sought, etc., may be
outlined under Item 14.

Please supply the name and address of the agency that is
transmitting this information to WMO.






























































































































