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SAZETAK

Obrana od tuce provodi se u Republici Hrvatskoj viSe od etrdeset godina i to samo na podrucju
sjeverne Hrvatske, no do sada bez dovoljno jasnih pokazatelja o njezinoj isplativosti i u€inkovitosti.
Prema Zakonu o sustavu obrane od tuée (NN 53/2001), operativnu obranu od tu¢e provodi DrZavni
hidrometeoroloski zavod. Za nadzor poslova operativne obrane od tufe prema istom je Zakonu
nadlezno Ministarstvo poljoprivrede, a temeljem odredbi ¢l. 13. Zakona sustav se financira
stedstvima iz DrZavnog prorafuna te prorauna Zupanija s branjenog podrucja i Grada Zagreba.
Obrana od tu¢e provodi se kombinirano protugradnim raketama i prizemnim generatorima.

Ideja o operativnoj obrani od tuée javila se 60-tih godina dvadesetog stoljeca u biviem Sovjetskom
Savezu. Koncept se temeljio na uporabi meteoroloskih radara i ispaljivanju raketa sa zemlje kojima
se u oblak unosi reagens - srebrni jodid, ¢ije Cestice sluZe kao umjetne jezgre zaledivanja. Metoda
se brzo prosirila na zemlje istoéne Europe pa i na tadasnju SFRJ te se 70-tih godina proslog stoljeéa
poéela provoditi i u Hrvatskoj. Danas u Europi obranu od tu¢e protugradnim raketama u sklopu
nacionalne meteorolo$ke sluzbe imaju samo Rusija i Srbija. U zemljama EU samo u Madarskoj,
Bugarskoj i Rumunjskoj obranu na dijelu teritorija provode agencije pri ministarstvu poljoprivrede,
a drugdje, kao na primjer u Austriji i Spanjolskoj na privatnu se inicijativu brane samo mala
podrugja i to ve¢inom prizemnim generatorima ili zrakoplovima, bez drZavnog financiranja.

Obrana od tuce ni eksplicitno niti implicitno ne postoji u EU legislativi.

Operativna provedba poslova obrane od tuce radi se samo na podrucju sjeverne Hrvatske od
26.800 km®> u medurjedju Save i Drave iako se pojava tude biljeZi i u ostalim dijelovima
Hrvatske. Cak i uz pretpostavku uginkovitosti obrane od tude, postavlja se pitanje zasto ostali
dijelovi Hrvatske nisu obuhvaceni ovom aktivno$cu.

Iskustvo pokazuje da obrana od tuCe nije udinkovita u onolikoj mjeri kao §to se pocetno mislilo.
Ve¢ poSetkom 70-ih godina pro§log stoljeéa, zbog sumnje u ucinkovitost protugradne obrane,
Svjetska meteoroloska organizacija (WMO) je sastavila tim struénjaka koji su proveli tri velika
medunarodna pokusa; jedan u zapadnoj Europi (Svicarska, Francuska i Njemac¢ka), poznat pod
imenom ,,Grossversuch® odnosno ,,Veliki pokus®, drugi u SAD-u, poznat pod nazivom ,,National
Hail Research Experiment“ odnosno ,,Nacionalni pokus za istraZivanje tuce” te tre¢i u Kanadi.
Svaki od tih eksperimenata trajao je &ak pet godina, no nije se uspjelo nedvojbeno dokazati da
srebrni jodid, na ¢ijem se uno$enju u olujne oblake temelji cijela teorija obrane od tuce, pomaZe u
sprje¢avanju tude. ToCnije, rezultati su pokazali da nema statisti€ki signifikantne razlike u
pojavnosti tuée kod zasijavanih i kod nezasijavanih tuénonosnih oblaka. Na temelju tih rezultata
mnoge su zemlje ukinule drZavno financiranu obranu od tuce.

Posljednja istraZivanja, koja ukljuuju i modeliranje oblaka numeri¢kim modelima, pokazuju da je
moguénost smanjivanja veliine zrna tuge uz povecanu koncentraciju acrosola jednaka mogucnosti
da se veli¢ina zrna tude poveca, §to ovisi samo o profilu temperature i vlage u oblaku, koji odreduju
nadin na koji ¢e se voda sadrZana u oblaku deponirati na jezgre kondenzacije.

Mehanizam nastanka zrna tuée u olujnom oblaku je vrlo sloZen i dana$nja ga znanost jo§ uvijek nije
u mogucnosti u potpunosti razumjeti. Kod premjeStanja olujnih oblaka preko nekog podrucja
Stete na poljoprivrednim Kkulturama ne uzrokuje samo tuca nego Cesto i vrlo obilna,
intenzivna kiSa te jak vjetar. Cak i ako pretpostavimo da je umjetnim djelovanjem mogude
smanjiti veli¢inu zrna tude, ne moZe se sprijediti jak vjetar i jaka kiSa, koji u velikom broju
sluéajeva pricine znatnu $tetu.






Obrana od tude je problemati¢na i sa stanovista o¢uvanja okoliSa, jer tijekom zasijavanja bez
ekoloske kontrole ispusta reagens sa srebrnim jodidom u slobodnu atmosferu pri tlu (generatorima)
i po visini (rakete). Uz to postoji i sigurnosni rizik ispaljivanja raketa.

Iskustvo je pokazalo da je prilikom djelovanja na formirani tuonosno opasan oblak za njegova
cijelog Zivotnog vijeka neophodno prostorno i vremenski kontinuirano djelovanje. Prostorno s
obzirom na odredena podrudja zasijavanja, a vremenski kroz cijeli Zivotni vijek oblaka sve dok se
ne pokazu znakovi slabljenja i nezadovoljavanja kriterija. U uvjetima u kojima se danas provodi
operativna obrana od tufe to nije moguce, jer susjedne Slovenija kao ni ve¢i dio Bosne i
Hercegovine nemaju sustavnu obranu od tuce pa je zasijavanje oblaka u kojima je tuca veé
formirana beskorisno.

Uéinkovitost obrane od tuée nije dokazana i jo§ uvijek nije poznat nacina na koji bi se
znanstveno dokazala. Precizne eksperimente u kojima bi se utvrdila u¢inkovitost obrane od tuce
raketama ili prizemnim generatorima zapravo je nemoguce provesti jer je pojava tu€onosnog
oblaka izuzetno lokalizirana, a i ne postoje dva jednaka oblaka u atmosferi. Stoga rezultati koji bi
se dobili zasijavanjem jednog oblaka i bez zasijavanja drugog jednostavno nisu usporedivi.

Obrana od tude bila bi ekonomski opravdana kad bi njezini troSkovi bili manji od Steta
izazvanih tuom Kkoje je takva obrana sprijefila. Problem je, medutim, $to ne moZemo
utvrditi Sto bi se dogodilo da obrane nije bilo. Tvrdnje da djelovanje raketama ili generatorima
smanjuje $tetu od tuce, odnosno da bi $tete bile jo§ vece da se nije djelovalo, ne mogu se dokazati. I
u sezonama s velikim brojem akcija i velikim utro$kom raketa i reagensa takoder se javljaju Stete.
Rezultati istraZivanja na svjetskoj razini, ukazuju da operativna obrana od tuce kakva se provodi u
Republici Hrvatskoj, na razini dana$nje znanstvene spoznaje, nema upori§te u struci i da ne postoje
dokazi o njezinoj ucinkovitosti i isplativosti. Metode koje nemaju ¢vrsta uporiSta u znanosti,
odnosno {ije rezultate nije moguce nedvojbeno dokazati, ne treba u praksi ni provoditi.

Uzevsi u obzir nedokazivost u¢inkovitosti sustava obrane jedini u¢inkoviti na¢in smanjivanja Stete
od tue je pasivna metoda zasti¢ivanja mreZama. Pri tom treba naglasiti da je tuca samo jedna od
vremenskih nepogoda, a da $tete nastale u poljoprivredi, i to na mnogo veéem podrucju, nastaju
zbog sve uéestalije pojave suSe, mraza, leda, poplava itd. U tom smislu bilo bi ucinkovitije i
korisnije usmjeriti sredstva driavnog proracuna i lokalne zajednice u sufinanciranje postavljanja
zastitnih mreZa i osnaZiti sustav osiguranja koji bi osigurao realno obesteéenje u slucaju nastalih
Steta od vremenskih nepogoda.

U cilju rjeSavanja ove vrlo sloZzene problematike postojeéeg sustava obrane od tuce
predlazemo odrZavanje sastanaka/okruglog stola sa svim relevantnim subjektima kako bi se
pojasnile moguénosti i ogranienja postojeeg sustava obrane od tuce i preporucile
udinkovitije mjere za zastitu i osiguranje.






1. UuvoD
1.1 STO JE TUCA I KAKO NASTAIJE

Tuda je kruta oborina koja se stvara u oblacima jakog vertikalnog razvoja (konvektivnim oblacima,
kumulonimbusima). Zrna tude su mjeSavina leda, vode i zraka promjera veéeg od 5 mm koja su
uglavnom neprozirna i slojevite strukture.

Mehanizam nastanka tude vrlo je sloZen. IzraZena konvektivna nestabilnost, velika atmosferska
vlaZnost te umjereno ili jako smicanje vjetra pogoduju nastanku intenzivnih tu€onosnih oluja. Tuca
nastaje unutar uzlazne struje u konvektivnom oblaku na temperaturama koje su niZze od temperature
ledista vode. Postoje dva osnovna mehanizma nastanka zrna tude, suho i mokro taloZenje (odnosno
rast zrna tude). Oba procesa temelje se na srastanju pothladenih kapljica i smrznutih kapljica kiSe ili
sugradice u konvektivnom oblaku. Kod suhog taloZenja, pothladene kapljice odmah se smrznu
prilikom dodira sa smrznutim kapljicama ili sugradicom, a povriina zma ima temperaturu nizu od
0°C. U mokrom taloZenju temperatura povriine zra vi$a je od 0°C i smrzavanje pothladenih
kapljica nije trenutno, pa ée na povr§ini zra biti tanak sloj vode. Pod utjecajem strujanja unutar
oblaka, vodene kapljice mogu biti rasprSene s povrSine takvog zrna i mogu posluZiti kao novi
zameci tu€e u oblaku (Slika 1).
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Slika 1: Shematski prikaz nastanka tuce. U kvadrati¢ima su tipovi hidrometeora. Strelice
oznacavaju procese pretvorbe u tucu, a iscrtkane strelice procese koji mogu doprinjeti stvaranju
novih embrija tuce (preuzeto iz Field i sur., 2009).

Zma tude koja nastaju u procesu suhog taloZenja ne mogu srasti s Cesticama leda, ve¢ samo s
pothladenim vodenim kapljicama. Suprotno, kod mokrog taloZenja Cestice leda ili sugradica mogu
se spojiti sa zrnom tuce, posljedi¢no tvoreci veca ztna.

Koli¢ina pothladenih kapljica u oblaku uvelike utje¢e na veli€inu zrna tuce, odnosno Sto je veca
koncentracija pothladene vode promjer zrna tude bit ¢e veéi. Brojne studije pokazale su kako
koncentracija aerosola u zraku uvelike utjee na veli€inu i koli¢inu zrna tuce u oblaku te pripadnu
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kineti¢ku energiju. Razlog tome je povecanje udjela pothladene vode u oblaku u slu¢ajevima s
povec¢anom koncentracijom aerosola u zraku.

Modelskim studijama pokazano je da kod niske koncentracije aerosola, tu¢a uglavnom nastaje
procesom suhog taloZenja, a zrna tufe su manjeg promjera. Takoder, kod niskih koncentracija
aerosola (< 200-300 cm™) kineti¢ka energija zrna tude je zanemariva. U sludajevima s visokom
koncentracijom aerosola znadajan doprinos nastanku tu¢e ima mokro taloZenje te su zrna tuce
veleg promjera.

Slika 2: Konceptualni model konvektivne éelije u uvjetima s malom i znacajnom koncentracijom
aerosola u zraku (preuzeto iz Rosenfeld i Khain, 2008).

Kod konvektivnih oblaka s toplom bazom u uvjetima niske koncentracije acrosola u zraku dolazi
do relativno brzog nastanka kapljica kise u oblaku. Takoder, ve¢ u zrelom stadiju formira se silazna
struja koja spreava podizanje kapljica do nivoa gdje bi bile pothladene. U uvjetima visoke
koncentracije aerosola dolazi do akumuliranja pothladenih kapljica u oblaku u zrelom stadiju.
Takve ¢elije za posljedicu imaju krupna zrna tude, pljuskovitu oborinu te jake i olujne udare vjetra
u stadiju raspadanja (Slika 2).

Premda je znanost znatajno uznapredovala, jo§ uvijek postoji dosta nepoznanica u poznavanju
fizike oblaka i procesa koji nastaju u razli¢itim fazama razvoja oblaka (Busemeyer, 2017) Sto je i
glavna prepreka u toénijoj prognozi buduéeg stanja razvoja oblaka. Veli¢ina zrna tue, kao i masa
tude u oblaku raste s porastom koncentracije aerosola u zraka. Potrebno je napomenuti da taj rast
ipak nije monoton, ve¢ je kod ekstremno visokih koncentracija acrosola u zraku (> 4000 — 6000
cm™) zabiljeZen blagi pad. Kako bi se sprijetio rast embrija tuée do veli¢ine zrna tude koja pada iz
konvektivnog oblaka, potrebno je smanjiti koli¢inu pothladenih kapljica u oblaku. U teoriji i nekim
eksperimentima Cestice srebrnog jodida sluZe kao umjetne ledene jezgre koje utjeCu na smrzavanje
pothladenih kapljica u oblaku i mogu smanjiti njihovu koncentraciju.



Olujni oblaci su najéed¢e relativno malih horizontalnih dimenzija i njihov je razvoj Cesto
nepredvidljiv, odnosno nije ga moguce totno prognozirati numerickim modelima za prognozu
vremena. Pomoc¢u fizikalnih i matemati¢kih modela mogu se pribliZzno predvidjeti podrucja i
vrijeme gdje i kad ¢e postojati uvjeti za razvoj olujnih oblaka za tekuci ili sljedeci dan, ali se to¢no
mjesto, vrijeme pojavljivanja i intenzitet pojedinog oblaka mogu predvidjeti najvise 1-2 sata
unaprijed i to pod uvjetom da se raspolaZze dobrim radarskim i satelitskim podacima mjerenja.
Cesto je pak to vrijeme predvidanja jo§ kra¢e, svega desetak minuta ili pola sata.

Misljenje meteoroloske struke je da je utjecaj jezgara zaledivanja na pothladene kapljice vode
fizikalno utemeljen i kao takav se moZe eksperimentalno potvrditi. U prirodi, medutim, taj princip
dobro djeluje samo u mirnim, slojevitim oblacima. Za olujne oblake nema uvjerljivih dokaza da
unoSenje jezgara zaledivanja uzrokuje smanjenje tuce na tlu.

Tome u prilog ide i sluzbeni stav Svjetske meteoroloske organizacije (WMO) koja navodi da se
obrana od tude ne bi trebala operativno provoditi. Preporu¢uju istraZivanja iz podrucja mikrofizike
tudonosnih oblaka s vrlo zahtjevnim tehni¢kim i znanstvenim pripremama medunarodnog projekta
pod okriljem WMO-a (Prilog 1).

1.2 TUCA U HRVATSKOJ

U Hrvatskoj pada tuca &ija je veliCina zrna u prosjeku od veligine zrna graSka do veliCine oraha,
ponekad se pojavljuju zrna veli¢ine kokogjeg jajeta, a vrlo rijetko veli€ine teniskih loptica (Slika 3).

Slika 3: Zrna tuce — lijevo: velicina ljeSnjaka/oraha, desno: velicina kokosjeg jajeta

Pojava tude na tlu je kratkotrajna, u trajanju od nekoliko minuta do sata. Mjerenje i registracija
pojave zrna tude na tlu zbog vremenskih i prostornih varijacija te kratkog trajanja je vtlo sloZeno te
uz klasi¢na motrenja na meteoroloskim postajama DHMZ-a, najées¢e se koristi jednostavni mjerni
instrument tu€omjer. U radu Pocakal (2012) analizirani su podaci s guste mreZe tu¢omjera (njih
730) postavljenih na meteoroloskim postajama DrZavnog hidrometeoroloskog zavoda (DHMZ-a) i
poligonu na podrucju Hrvatskog zagorja u razdoblju 2002. do 2009. godine (Slika 4).
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Slika 4: PoloZaj poligona tucomjera u sjeverozapadnoj Hrvatskoj

Analiza je pokazala da je u razdoblju 2002. do 2009. doslo do povecanja srednjeg broja dana s
grmljavinom i tu¢om u usporedbi s razdobljem od 1981. do 2001. godine. Naden je negativni trend
udjela zrna tu¢e najmanjeg promjera (5 — 7.5 mm) i pozitivan trend udjela zrna tue veceg promjera
(10.1 — 15 mm), kao posljedica veéih i jatih uzlaznih struja i i intenzivnijih grmljavinskih ¢elija.
Prosjeéno vrijeme padanja tue za cijelo podruéje kontinentalne Hrvatske iznosi 4.2 minute.
Prosje¢no trajanje padanja tu¢e pokazuje trend povecanja od 3.5 minute (1981.) do 4.7 minuta
(2009.). Odgovor na pitanje je li taj porast udjela zrna veéeg promjera i trajanje padanja tuce vezan
uz promjenu globalne klime ili je u pitanju samo varijabilnost lokalne klime mogu dati daljnja
istraZivanja i duzi vremenski niz podataka. Sli¢an rezultat dobiven je u radu Gavrilov i sur. (2013)
za podrudje Srbije, gdje su analizirani podaci tuée u razdoblju 1967. do 2010. godine. Veci broj
dana s tu¢om autori povezuju s moguc¢im utjecajem klimatskih promjena. NaglaSavaju i da ovi
rezultati unato¢ oéekivanju da obrana od tue smanjuje broj dana s tu¢om to dematiraju.

2. OBRANA OD TUCE U RH

Prema Zakonu o sustavu obrane od tuée (NN 53/2001), operativnu obranu od tu¢e provodi DrZavni
hidrometeoroloski zavod. Za nadzor poslova operativne obrane od tufe prema istom je Zakonu
nadlezno Ministarstvo poljoprivrede, a temeljem odredbi ¢l. 13. Zakona sustav se financira
sredstvima iz DrZavnog proratuna te prorauna Zupanija s branjenog podrucja i Grada Zagreba.
Obrana od tu€e provodi se kombinirano protugradnim raketama i prizemnim generatorima.

Operativna obrana od tuce provodi se samo na podrudju sjeverne Hrvatske, na povrsini od
26.800 km® u medurje&ju Save i Drave. Rad se struéno koordinira i provodi s osam radarskih
centara, trenutno uposlenih 76 sluZzbenika (dvije samostalne sluzbe), a ukljucuje na svim radarskim
centrima radarsko nadziranje i na pet centara meteorolosko motrenje na glavnim meteoroloskim
postajama. Na jednom radarskom centru nalazi se klimatoloska postaja, centralno skladiste raketa
je u VaraZdinu, a na tri radarska centra nalaze se i skladista za otopinu meteoroloskog reagensa. Uz
stalno zaposlene sluzbenike, DHMZ tijekom sezone obrane od tuce, koja traje od svibnja do kraja
rujna, honorarno uposljava i oko 1.300 posluZitelja generatorskih, lansirnih i tu€omjernih postaja
(osobe moraju imati uvjerenje o zdravstvenoj sposobnosti temeljem uvjerenja medicine rada i biti
stru¢no osposobljene za rad od vanjske ovlastene ustanove).

Od tehnic¢kih resursa u operativnoj obrani od tuce koriste se:
- 3 meteorolo3ka radara velikog dometa (glavna nacionalna mreZa meteoroloskih radara),



- 5 meteorologkih radara malog dometa (podrika operativnom programu raketne komponente
obrane od tuce)

- 8 gradevinskih objekata: 4 velika %radevmska objekta (3 po cca 300 m , jedan cca 150 m?), 3
kontejnerska objekta (po cca 50 m™) i jedan montaZni objekt (cca 80 m?),

- 26 sluzbenih vozila (dostavna, kombi vozila, 2 osobna vozila),

- cca 360 objekata lansimih postaja (100 kontejnera, 260 zidanih objekata po cca 6 do 10 m?) s
pripadajuéom opremom — sa svim potrebnim odobrenjima MUP-a za rad uz prethodno
ispunjene sve zakonske uvjete vezane uz promet, skladiStenje i rukovanje eksplozivnim
tvarima,

- sustav radio veze (repetitori, namjenski radio uredaji),

- 1 vlastito centralno skladite za rakete protiv tue (nedovoljan skladiSni kapacitet) s
odobrenjem MUP-a,

- 3 vlastita centralna skladista otopine meteoroloskog reagensa s odobrenjima MUP-a.

a) Raketna obrana od tuce

Obrana od tuée raketama po&iva na teoriji po kojoj reagens srebrnog jodida (Agl) potice stvaranje
kristali¢a leda. Rakete punjene Agl ispaljuju se u tuoopasne oblake kako bi se u njih unio reagens,
odnosno umjetne jezgre kristalizacije. Na taj bi se na¢in u oblaku trebali umjetno stvoriti manji
kristali¢i leda. Visak vlage tako se ravnomjernije rasporeduje i time bi se trebao sprjeciti nastanak
velikih komada tuge. Istodobno se poveéava moguénost topljenja tuce kada kiSa pocne padati iz
oblaka. Na taj na¢in na tlo bi, umjesto tuce, prema teoriji trebale padati samo velike kapi kiSe.
Djelovanje raketama provodi se na radarski identificirani cilj koji je vezan uz tu¢onosno opasan
oblak. Kako bi se za konkretni radarski identificirani oblak odredio cilj i na¢in djelovanja raketama
treba definirati gdje je podrudje djelovanja i kada treba djelovati. Trenutne znanstvene moguénosti
jo§ uvijek imaju veliku nesigurnost u prognozi lokalnog razvoja oblaka i njegovog daljnjeg razvoja
Sto je i velika nesigurnost u aktivnosti obrane od tuce.

Jezgre moraju biti unesene i stvarati kristale u podrugju temperatura od -6 do -10°C . Tada se
teoretski iskoriStava i prirodni proces umnoZavanja kristala, stvaranja sekundarnih kristala zbog
sudara s krupnim kapima ili kristalima. Iskori$tava se i proces najbrzeg stvaranja zametaka tuce na
kristalima tapicaste strukture sa najve¢om brzinom propadanja i mo¢i sakupljanja obla¢nih kapi u
podru&ju temperatura od -8 do -10° C. U podrudju temperatura niZih od -12°C prirodnim procesom
nastaje veliki broj kristala tako da je raspoloZiva voda za rast konkurentnih zrna tuce vrlo mala.

U podrudju isijavanja reagensa moraju prevladavati obla¢ne kapi dimenzija reda veliCine 100 pm.
Manje kapi imaju vrlo malu vjerojatnost sudara s jezgrom kristalizacije i rasta do dimenzija
konkurentnih prirodnim jezgrama. U slu¢aju unosa u podrudje bitno krupnijih kapi dolazi do vrlo
brzog ispiranja umjetnih jezgri iz podru¢ja stvaranja zametaka tuce.

Reagens mora biti unesen u podrudje manjih uzlaznih brzina, od 1-5 m/s, kako bi umjetne jezgre
imale dovoljno vremena boraviti u podrudju isijavanja i rasta kristala do konkurentnih dimenzija.
Raduna se da je za to potrebno minimalno vrijeme od 3 minute. Za pojedini tip oblaka podrucje
koje zadovoljava navedene uvjete i koje treba zasijavati je razliCito smjeSteno.

Iz svega navedenog je vidljivo da je potrebno iznimno detaljno poznavanje strukture svakog
pojedinog oblaka kao i precizno odredivanje vrijednosti temperature i uzlazne brzine. Takvi podaci
mogu se dobiti samo iz mjerenja radiosondaZom, koja se provodi samo u Zagrebu i Zadru i to dva
puta dnevno. Drugim rijeima, femeljem raspoloZivih podataka mjerenja precizno odredivanje
svih potrebnih podataka gotovo je nemoguce.



Uz sve navedeno, iskustvo je pokazalo da je prilikom djelovanja na formirani tu¢onosno opasan
oblak za njegova cijelog Zivotnog vijeka neophodno prostorno i vremenski kontinuirano djelovanje.
Prostorno s obzirom na odredena podrudja zasijavanja, a vremenski kroz cijeli Zivotni vijek oblaka
sve dok se ne pokazu znakovi slabljenja i nezadovoljavanja kriterija. U uvjetima u kojima se danas
provodi operativna obrana od tuce to nije moguce, jer susjedne Slovenija i Madarska kao ni ve¢i
dio Bosne i Hercegovine nemaju sustavnu obranu od tude pa je zasijavanje oblaka u kojima je tuca
ve¢ formirana beskorisno.

Broj aktivnih lansirnih postaja s kojih se ispaljuju rakete protiv tu¢e u 2017. godini bio je 347. U
razdoblju 1995. do 2017. godisnje se prosje¢no ispaljivalo 3.287 komada raketa (najvise 2007. kad
je utofeno 6.809 komada). Primjer jedne lansirne postaje nalazi se na slici 5.

I't
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Slika 5: Lansirna rampa za protugradne rakete

b) Obrana od tude prizemnim generatorima

Koristenje prizemnih generatora za rasprSivanje reagensa zasniva se na hipotezi izazivanja
prijevremene oborine. Teoretsku podlogu ima u Einjenici da tvari koje proizvode jezgre zaledivanja
(Agl) mogu stvarati ledene kristale i na vi§im temperaturama (blize 0°C). Zasijavanje oblaka
uvodenjem velikog broja umjetnih jezgara kondenzacije, istovremeno kad se stvaraju i prirodne
jezgre, prema teoriji imaju za cilj proizvesti veliku koli¢inu umjetnih zametaka tuce i posljedi¢no
nastanak puno manjih ledenih zrna. Preporudeno zasijavanje se provodi na nivou izoterme — 5°C,
buduéi da je tu prag aktivnosti za veinu reagensa na bazi Agl uz pretpostavku da ¢e isijani reagens
doseéi taj nivo (u ljetnim mjesecima uglavnom iznad 4 km visine) koriste¢i postojece slabe uzlazne
struje.

Broj generatorskih postaja na branjenom podrudju sjeverne Hrvatske je 580. Rad mreZe prizemnih
generatora osigurava kontinuirano djelovanje na sve potencijalno tuonosno opasne oblake. Na
ovaj nadin zasijava se prostor u kojem bi se mogli odvijati procesi nastanka tuce u olujnom oblaku
koji su najavljeni vremenskom prognozom. Osnova djelovanja prizemnih generatora leZi u ¢injenici
da konvektivni procesi imaju zadetak u niZim slojevima atmosfere. Prizemni generatori koriste se u
situacijama s dobro organiziranim konvektivnim kompleksima poput hladnih fronti ili linija
nestabilnosti koje nailaze na branjeno podruéje. Praksa pokazuje da se mreZa generatora mora
ukljugiti dva do tri sata prije nastupa konvektivnih procesa kako bi jezgre kondenzacije koristeéi
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postojeée uzlazne struje u atmosferi stigle do traZenog nivoa od -5°C. Pri tome je nuZno imati Sto
precizniju lokalnu vremensku prognozu. Uz to u operativi obrane od tuce izuzetno su vazni radarski
i satelitski podaci radi preciznijeg odredivanja poletka i zavrSetka djelovanja. Jedinica djelovanja
mre¥e prizemnih generatora nije radarski definiran oblak, nego prostor. Prostorno dovoljno rano
djelovanje ovisi u najve¢oj mjeri o strujanjima u niZim slojevima atmosfere.

Najveéi problem u primjeni generatora ostaje nepoznavanje podatka o postotku reagensa koji
stvarno ulazi u oblak.

¢) Ucinkovitost obrane od tuce

Podaci o broju akcija, broju dana i postaja sa sugradicom, tu€om i Stetom te utroSenom materijalu u
posljednje 23 godine prikazani su u tablici 1.

Tablica 1: Podaci o broju akcija, broju dana i postaja s tucom i Stetom, utroSenoj kolicini otopine
za prizemne generatore i broj ispaljenih raketa u razdoblju 1995. — 2017. godine.

GODINA 1995 | 1996 | 1987 | 1998 | 1999 | 2000

Broj dana s akcijama generatorima | 64 53 &8 (] 58 43
Broj dana s akcijama raketama 25 25 34 29 24 14

Broj dana sa sugradicom 35 338 40 38 4 28
Broj Gana s tutom 24 22 27 17 19 14
Broj dana sa Stetom 21 16 27 18 15 1
Broj postaja sa sugradicom 330 | 235 | 340 | 247 | 321 | 260
Braj postaja s com 120 | 87 | 204 | 194 | 228 [ 113
Broj postajs sa Stetom 90 50 | 149 | 110 | 105 [ &7

UtroSak otopine (itara) 67069 (67081 | 88823 [B3023 | 66932 | 42781
UtroZak raketa (komaida) 1401 | 1649 | 5224 | 6B01 | 1978 | 1638

GODINA 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 2000 | 2010
Broj dana s akcjama generatorima | 34 55 60 50 5% 51 &3 50 [ 44
Broj dana s akcjamaraketama | 26 a1 38 3 39 a3 47 27 37 32
Broj dana sa sugradicom 33 36 34 3 25 41 46 7 0 26
Broj dana s tutom 23 25 2 30 29 38 a7 30 34 26
Broj dana sa Setom 18 15 16 19 18 20 27 24 2 20
Broj postaja sa sugradicom 264 | 179 [ 60 [ 196 | 196 | 174 | 217 18 116 135
Broj postaja 5 ubom 263 | 111 | 280 | 3851 | 330 | 240 | 4m 431 250 242
Broj pastaja sa Setom 117 a7 99 125 | 134 70 150 173 75 83
Utro3ak otopine {litara) 50695 | 57120 | 80670 | 77631 68847 | 86005 |88342 | 74416 | 100564 | 65877
Utro3ak raketa (komada) 3383 | 4760 | 4750 | 277 | 4550 | 3891 | 6800 | 5205 3360 | 4193

GODMA 2001 | 2012 | 213 | 2004 | 2015 | 2016 | 20W7

Broj dana s aljjama gensralonima | 45 40 44 5 29 45 44
Broj dana s Skcama raketama 35 27 27 29 18 27 27
Broj dana sa sugradicom 30 23 31 27 15 28 .
Broj dana s tutom 23 26 33 29 18 27 24

Broj dana sa Sisiom 17 14 16 19 9 16 19

Broj pesiaja sa sugradicom 108 96 112 132 76 74 144
Broj posiaja s tufom 195 104 251 190 142 184 239
Ulrodak adopine (itara) 61212 | 55425 | 66214 | B1006 | 50202 agn 5839
Utroak rakasta fkomada) 3682 | 201D | 1814 | "520 | 1483 | 16956 | 2509
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Iz Tablice 1 je vidljivo da broj dana s tutom i sugradicom varira iz godine u godinu te da se i u
sezonama s velikim brojem akcija i velikim utro$kom raketa i reagensa takoder javljaju Stete. Ovo
je jasan pokazatelj da obrana od tude, koja se u Republici Hrvatskoj provodi ve¢ gotovo pedeset
godina, nema jasnih pokazatelja o njezinoj isplativosti i u€inkovitosti.

Tome u prilog idu i podaci o Stetama od elementarnih nepogoda Uprave za gospodarstvo pri
Ministarstvu financija (Prilog 2). Podaci o $tetama pokazuju da tuca nije jedini ni najve¢i uzro¢nik
nastalih $teta od prirodnih nepogoda. U razdoblju od 1995. do 2016. godine prijavljene i potvrdene
Stete ukazuju da je suSa glavni uzrodnik $teta u ukupnom iznosu oko 45%, a potom slijede mraz,
tuda, poplave, olujni vjetar itd. Stete nastale od tue nejednako su rasporedene po pojedinim
Zupanijama i variraju iz godine u godinu. Tako je primjerice 1995. godine udio Steta od tue bio €ak
68% od ukupnih $teta od prirodnih nepogoda, a 2014. samo 0.6%. Unato¢ tako velikim razlikama u
nastalim Stetama od tue u te dvije navedene godine udio utroSenog reagensa za prizemne
generatore i broj ispaljenih raketa bio je podjednak (Tablica 2).

Prve spoznaje o moguéoj neudinkovitosti obrane od tu€e Vlada Republike Hrvatske pocela je
prepoznavati jo§ u srpnju 2000. kad je svojim Zakljuékom pokrenula preispitivanje rada sustava
obrane od tude. Osnovana je Meduresorska radna skupina sa zadatkom da stru¢no i kriti¢ki ocijeni
postojeéi sustav obrane od tu¢e u Republici Hrvatskoj. Izradeno je viSe dokumenata, medu kojima i
Zakon o sustavu obrane od tute (NN, br. 53/01) - ¢&iji je nositelj Ministarstvo poljoprivrede,
Sumarstva i vodnog gospodarstva. U tom Zakonu navedene su odredbe preispitivanja sustava
obrane od tude. Na osnovi tih odredbi (¢l. 3. st. 4) poetkom 2001. Ministarstvo znanosti,
obrazovanja i $porta i Drzavni hidrometeoroloski zavod zaduZeni su da provedu istraZivanja i
donesu stru¢ne ocjene o udinkovitosti i isplativosti postojeceg sustava obrane od tuc¢e u Republici
Hrvatskoj uz medunarodnu recenziju te uz miSljenje i preporuke Svjetske meteoroloske
organizacije (¢l 4. Zakona).

Rezultati navedenih istraZivanja (Zavr$no izvje$€e o obrani od tuce, Zagreb, travanj 2003.) ve¢ su
tada potvrdili mi§ljenje struke na svjetskoj razini, posebno Svjetske meteoroloske organizacije
(WMO), te ukazali na to da operativna obrana od tu¢e kakva se provodi u Republici Hrvatskoj
nema uporiSte u znanosti i struci i ne postoje dokazi o njezinoj u€inkovitosti i isplativosti.

Zavrino izvje$ce o obrani od tude iz 2003. ugradeno je kao temeljni dokument i u Zavrsno izvjesce
o obrani od tude koje su Ministarstvo znanosti, obrazovanja i §porta i DrZzavni hidrometeorolo$ki
zavod dostavili Vladi Republike Hrvatske prema njezinom zahtjevu temeljenom na zakljucku od
30. lipnja 2004. To Zavr¥no izvje$Ce, koje je bilo rezultat suradnje DHMZ-a i eminentnih
medunarodnih institucija na &elu sa Svjetskom meteoroloskom organizacijom, sadrzZi analizu i
ocjenu postojeCeg sustava obrane od tue u Republici Hrvatskoj te zakljucke i prijedloge koji
proizlaze iz tih analiza i ocjena. 1z navedenog izvje$¢a mogu se izdvojiti sljedece Cinjenice:

- S danasnjim raspoloZivim sredstvima za obranu od tule (rakete, generatori na tlu i
zrakoplovi) ne moZe se sustavno i kontrolirano utjecati na sprjecavanje nastanka i rasta
tuce. Suproino tome, djelovanje na izuzetno sloZen i dinamican sustav oblaka bez
kontrole moZe imati cak suprotan efekt i izazvati tucu.

- Dokumenti i izjiave WMO-a te direktora meteoroloskih sluzbi ne opravdavaju postojeci
sustav obrane od tuce. Oni ukazuju na to da se takvim djelovanjem mogu izazvati vece
Stete od tuce.

Medunarodne ankete o statusu i udinkovitosti obrane od tuce koje je pribavio DHMZ, kao i
provedena istraZivanja djelovanja OT-a u Hrvatskoj uz medunarodnu recenziju (WMO-a,
Njemacke meteoroloske sluzbe - DWD!, Madarske meteoroloske sluzbe - OMSZ2, Slovenske

! DWD - (Deutscher Wetterdienst)
2 OMSZ - (Orszagos Meteorolégiai Szolgélat)
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meteoroloske sluzbe - ARSO®, Medunarodnog centra za teorijsku fiziku*), nisu potvrdile njezinu
uspjesnost i gospodarsku opravdanost. Ne postoji niti jedan znanstveno utemeljen dokaz da je
operativna obrana od tue kakva se provodi u Hrvatskoj po sadaSnjoj tehnologiji ucinkovita i
gospodarstveno isplativa te da ostvaruje ustede.

Svijetska znanstvena i struéna zajednica (poslije niza dugogodiSnjih znanstvenih istraZivanja i
pokusa) ne podrZava operativnu obranu od tue - osobito ne na razini drZava i nacionalnih
meteorologkih sluzbi i smatra da ona ne donosi korist ve¢ povecava rizik za Stetu. Zbog toga struka
trodenje dr¥avnog novca na operativnu obranu od tuée smatra neopravdanim.

U Europskoj uniji nema operativne obrane od tude na razini nacionalne meteoroloske sluZbe. Ona
na razini nacionalne meteoroloske sluZbe u Europi djeluje samo u Hrvatskoj i Srbiji. U Bugarskoj 1
Rumunjskoj aktivnosti obrane od tute provode agencije u sklopu Ministarstava poljoprivrede. U
ostalim zemljama &lanicama EU obrana od tude postoji samo na malim podrucjima i provodi se na
inicijativu pojedinaca, udruga ili lokalnih samouprava. No, u takvim sporadi¢nim aktivnostima,
koriste se uglavnom samo prizemni generatori ili zrakoplovi.

Obrana od tude ni eksplicitno niti implicitno ne postoji u EU legislativi.

Cinjenica je (Tablica 1) da je unato¢ djelovanju kombiniranog sustava obrane od tuce raketama i
generatorima, nerijetko istovremeno padala i tua, stvarajuéi velike 3tete. Obrana od tuce je
problematiéna i sa stanovista ofuvanja okolisa, jer se tijekom zasijavanja bez ekoloske kontrole
ispusta reagens sa srebrnim jodidom u slobodnu atmosferu pri tlu (generatorima) i po visini
(rakete).

Postoji i sigurnosni rizik ispaljivanja raketa. Nisu rijetke situacije kakve se biljeZe u novinskim
napisima, primjerice: ,,Protugradna obrana gadala oblake, a pogodila benzinsku crpku‘.

Pitanje obrane od tude ne dotie se samo poljoprivrede ve¢ cijele zajednice, jer drZava tro§i novac
svih poreznih obveznika na neSto §to nema znanstvene temelje, nema dokaze uspjeSnosti i
isplativosti i bez kontrole djeluje na vrlo sloZen prirodni sustav s nepoznatim uc€incima na okolis.
Ovdje jo¥ jednom treba naglasiti da se ta aktivnost provodi samo u sjevernom dijelu Hrvatske, a
financira se velikim dijelom iz DrZavnog proratuna, odnosno iz sredstava svih poreznih obveznika.

d) Problemi s financiranjem sustava obrane od tuce

Financiranje sustava obrane od tuce definirano je €l. 13. Zakona o obrani od tuce i to iz DrZavnog
proraduna te prorauna Zupanija s branjenog podruja i Grada Zagreba. Zakon definira visinu
iznosa i dinamiku uplata.

Izvrienje plana iz DrZavnog proraduna je svih godina u cijelosti korektno tako da se provedba
najveéeg dijela poslova obrane od tuée temelji na tim financijskim sredstvima.

Izvrienje plana temeljem ostvarenih prihoda iz proratuna Zupanija/Grada Zagreba ne omogucava
pravovremenu i potrebnu realizaciju poslova iz razloga $to visine upla¢ivanih financijskih sredstava
i dinamika uplata tijekom godine ne postuje odredbe Zakona.

Realizacija obveza kroz godinu podredena je izvrienju najvaZnijih operativnih poslova uz
raspoloZiva financijska sredstva kako bi se maksimalno umanjili rizici poslovanja. Zbog
konstantnog smanjenja prihoda prioritetno se realiziraju poslovi nuZni za pripremu i rad u sezoni

3 ARSO - (Agencija Republike Slovenije za okolje)
4 The Abdus Salam International Centre for Theoretical Physics, Trst, Italija
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obrane od tufe, nabavu otopine meteoroloskog reagensa i placanje mjese¢nih naknada
posluZiteljima postaja obrane od tu¢e. Nabave protugradnih raketa realiziraju se tek po osiguranju
potrebnih sredstava iz izvora proratuna Zupanija/Grada Zagreba.

U Prilogu 3 (Tablica 3) prikazano je kretanje financijskih Planova operativne obrane od tuce od
2009.-2018. godine sa stvarnim izvr§enjem. Vidljivo je smanjenje Planova kako izvora 11 (DrZavni
proracun) za skoro 6.500.000 kn tako i izvora 52 (Zupanije/Grad Zagreb) za 5.500.000 kn $to samo
po sebi govori o smanjenim moguénostima realizacije poslova posebno u radu raketnom
komponentom. Veliko izvr§enje proraduna 2014. godine rezultat je oprihodovanja 5.000.000 kn od
Jadranskog osiguranja temeljem presude kojom su se potrazivala dugovanja od osiguravajucih
drustava koja su bila obveznici pla¢anja u razdoblju 2002.-2007. godine.

Posljednjih godina poslovi se realiziraju s financijskim sredstvima oko 13.000.000 kn. Primjerice,
najznadajnije financijske troskove u 2017. godini ¢ine:

- nabavka otopine meteoroloskog reagensa u koli¢ini 60.000 litara u iznosu 2.996.250
kuna te mjeseéne naknade motritelja na lansirnim i generatorskim postajama u iznosu
cca 5.200.000 kuna,

- preostala financijska sredstva troSe se na nabavke potrebnih materijala, redovna
odrzavanja opreme i objekata i izvrSenje ostalih obveza.

Razlike godidnjih planskih financijskih iznosa od izvr§enih dogadala su se najveéim dijelom zbog
realizacije nabave raketa koje bi zapo&ele otvorenim javnim natjeajima u drugom dijelu godine.
Uz propisane vremenske rokove vezane uz postupak nabave, ugovorno definirane rokove isporuke,
uvjete kontrolnih ispitivanja svake serije raketa i kona¢no dobivanje RjeSenja za stavljanje u promet
eksplozivnih tvari, pla¢anja bi bila odgodena za drugu kalendarsku godinu.

Osiguravajuéa drustva u razdoblju od 2002. — 2007. godine bila su obveznici sufinanciranja obrane
od tude temeljem Zakona o sustavu obrane od tuge. Po nalogu Drzavne revizije 2008. godine sudski
su zatraZena sva financijska dugovanja od osiguravajuéih drustava, no neki sudski sporovi okon¢ani
su presudama po kojima DHMZ mora ili vratiti upladena financijska sredstva (Wiener, Agram
osiguranje) ili platiti znatne sudske tro§kove (Euroherc-u, iako u navedenom razdoblju nisu uplatili
ni jednu kunu). DHMZ je tako u konaénici morao isplatiti cca 4.200.000 kuna. Dio obveze od
2.700.000 plaéen je krajem 2017. sredstvima iz DrZavnog prorauna, a ostatak iz sredstava
Proratuna DHMZ-a, aktivnost Obrana od tuce.

Nedostatak sredstava i spomenuti nepovoljni ishodi sudskih sporova na stetu DHMZ-a razlog su da
krajem 2017. godine nismo mogli provesti nabavu raketa protiv tu¢e u planiranoj koli¢ini od 1.500
komada. . U takvim okolnostima, s trenutno raspoloZivom koli¢inom raketa protiv tuce od 3.891
komada, ne moZemo garantirati da ¢emo cijelu sezonu 2018. uspjeti odrzati operativnu spremnost
na cijelom branjenom podrudju. Za po&etnu opskrbu lansirnih postaja s po 6 ili 8 komada raketa po
postaji treba 2.188 komada. Preostala koli¢ina od 1.703 komada nije dostatna za nesmetan rad
tijekom sezone. Zbog ovakve situacije DHMZ je izloZen - stalnim kritikama Udruge raketara 1
dijela javnosti,unato¢ ¢injenici da ni¢im ne moZemo utjecati na pobolj$anje financijske situacije u
sustavu obrane od tude.

Pojasnjenja Tablica iz Priloga 3:

Tablica 1.:

U prve dvije kolone navedene su obveze placanja provedbe operativnih poslova obrane od tuce
Zupanija s branjenoga podruja (1%) i Grada Zagreba (0,1 % proratuna) po izvrSenom
financijskom vjeStadenju, i prema o&itovanjima Zupanija/Grada Zagreba, a sve temeljem ¢lanka 13.
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Zakona o sustavu obrane od tué¢e (NN 35/01). Iz podataka je vidljivo da ne postoje znatna
odstupanja u izradunima. Iz podataka je takoder vidljivo da bi na godiSnjoj razini uplate iz ovoga
izvora trebale iznositi izmedu 10.000.000 i 12.000.000 kn. Takoder su navedene stvarne uplate za
2016., 2017. i do 13. lipnja 2018. godine iz &ega su vidljive znatno manje uplate veceg dijela
Zupanija te osobito Grada Zagreba. Navedeni su i podaci planiranih uplata Zupanija/Grada Zagreba
za 2018. godine zaprimljeni kao odgovori na naSe traZenje s ciljem realnog planiranja poslova u
sezoni obrane od tuce 2018. godine.

Tablica 2.:

Pokazuje stvarne uplate Zupanija/Grada Zagreba u razdoblju 2002.-2018. (do 13.06.). Podaci
pokazuju da je Grad Zagreb u razdoblju 2002.-2010. upla¢ivao izmedu 2.500.000 — 3.700.000 kn.
Od 2011. zapodeto je smanjenje uplata na 500.000 kuna da bi od 2016. godine godiSnje uplate
iznosile 250.000 kn.

Maksimalni prihodi bili su 2008. godine, u iznosu od 7.200.000 kn, a najniZe ukupne uplate
biljezimo 2011., 2012., 2013., 20151 2017. i kretale su se izmedu 3.000.000 i 3.500.000 kn.

Tablica 3.:
Prikazano je kretanje financijskih Planova operativne obrane od tu¢e od 2009.-2018. godine sa
stvarnim izvrSenjem.

3. ZAKLJUCAK

Provedene aktivnosti i analize nedvosmisleno pokazuju da operativna obrana od tu€e na sadasnjoj
operativnoj, tehnoloskoj i stru¢noj razini nije svrsishodna za operativnu primjenu, pogotovo ne na
razini financiranja iz DrZavnog prorauna i u operativnoj nadleZnosti DrZavnog
hidrometeorolo$kog zavoda.

U tim okolnostima postojeéi sustav obrane od tu¢e namece se kao nerijeSena problematika ve¢ niz
godina. Sustav je dvojben u svojem statusu:

- kao djelatnost koja nema &vrste temelje u znanosti, bez jasnih pokazatelja u€inkovitosti i
isplativosti (Nacrt Odluke 9.4/1 (EC-69) Svjetske meteoroloske organizacije (WMO) pod
naslovom ,, Planovi i vodeéi principi za aktivnosti modifikacije vremena“; Zavr$no izvjesce o
obrani od tuce Ministarstva znanosti, obrazovanja i sporta i DHMZ-a, travanj 2005)

- kao djelatnost od interesa za Republiku Hrvatsku kako je propisano ¢lankom 2. stavkom 1
Zakona o sustavu obrane od tuce.

S druge strane postoji politicka, psiholoska i socijalna osjetljivost javnosti, posebno
poljoprivrednika, zbog uvjerenja da drZava snosi rizik i odgovornost za nastale Stete od tuce,
utemeljenog na dugogodi$njem vjerovanju u uspjesnost operativnog sustava obrane od tuce.

Suprotno tome uvjerenju, preporuke Svjetske meteoroloske organizacije te medunarodne
znanstvene i struéne zajednice su da se zatita poljoprivrednih dobara od tuce najbolje (ili
udinkovito) rjeSava fizickom zaStitom (zaStitnim mreZama, Slika 6) ili sustavom osiguranja
prihvatljivog za §iri krug korisnika.

S danasnjim raspoloZivim sredstvima za obranu od tude (rakete, generatori na tlu i zrakoplovima)
ne moZe se sustavno i kontrolirano utjecati na sprjeavanje nastanka i rasta tufe. Suprotno tome,
djelovanje na izuzetno sloZen i dinami¢an sustav oblaka bez kontrole moZe izazvati tucu.
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Obrana od tuée je problemati¢na i sa stanovista ofuvanja okoliSa, jer se tijekom zasijavanja bez
ekoloske kontrole ispusta reagens sa srebrnim jodidom u slobodnu atmosferu pri tlu (generatorima)
i po visini (rakete).

Slika 6: Ucinkovita obrana od tuce zastitnim mrezama

Pitanje obrane od tude ne dotide se samo poljoprivrede veé cijele zajednice, jer drZava tro8i novac
svih poreznih obveznika na ne§to $to nema znanstvene osnove, nema dokaze uspjeSnosti i
isplativosti i bez kontrole djeluje na vrlo sloZen prirodni sustav s nepoznatim ucincima na okolis.
Ovdje jo$ jednom treba naglasiti da se ta aktivnost provodi samo u sjevernom dijelu Hrvatske, a
financira se velikim dijelom iz DrZavnog proracuna svih poreznih obveznika.

U cilju rjeSavanja ove vrlo sloZene problematike postojeéeg sustava obrane od tuce
predlazemo odrzavanje sastanaka/okruglog stola sa svim relevantnim subjektima kako bi se
pojasnile moguénosti i ogranifenja postojefeg sustava obrane od tuce i preporudile
udinkovitije mjere za zastitu i osiguranje.
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EXECUTIVE SUMMARY OF THE WMO STATEMENT ON WEATHER MODIFICATION

1. INTRODUCTION

1.1 The activities of the WMO in the area of weather modification are aimed at encouraging
research projects, and at providing guidance about best practices for operational projects.

1.2 It should be realised that the energy involved in weather systems is so large that it is
impossible to create cloud systems that rain, alter wind patterns to bring water vapour into a region, or
completely eliminate severe weather phenomena. Weather Modification technologies that claim to
achieve such large scale or dramatic effects do not have a sound scientific basis (e.g. hail canons,
ionization methods) and should be treated with suspicion.

1.3 Purposeful augmentation of precipitation, reduction of hail damage, dispersion of fog and
other types of cloud and storm modifications by cloud seeding are developing technologies which are
still striving to achieve a sound scientific foundation.

1.4 Operational programmes in fog dispersion, rain and snow enhancement and hail suppression
are taking place in many countries around the world. The primary aim of these projects is to obtain
more water, reduce hail damage, eliminate fog, or other similar practical result in response to a
recognized need. Accomplishment of the stated goals is often difficult to establish with sufficient
confidence. Economic analyses show that rainfall enhancement and hail suppression operations, if
successful, could have significant economic benefit, but uncertainties make investments in such
efforts subject to considerable risks.

1.5 Continuing strategic research is required to investigate and explain the scientific hypotheses
on which weather modification are based. Because this research is inherently focused on important
atmospheric processes, it is relevant not only to weather modification but also to the improvement of
weather and climate prediction that supports a wide range of applications such as water management
and climate change adaptation. With sound scientific understanding of the relevant atmospheric
processes, a weather modification experiment can be designed and implemented in order to test the
feasibility of the activity and the validity of the underpinning scientific hypothesis and to provide the
basis for operational activities

1.6 Improvements in observational facilities providing measurements of key variables and
numerical modelling capabilities now permit more detailed examination of the cloud and precipitation
processes and offer new opportunities for advancing the science and practice of weather modification.

1.7 Proper evaluation of a weather modification activity has several requirements. First, it needs
to include a randomization process in the experimental design such that only some of the events
suitable for seeding are in fact seeded. This requires objective criteria defining the start of an event so



that bias is not introduced by subjective selection of seeded and unseeded events. Second, in a
“primary analysis” the impact of seeding is assessed through various objective statistical techniques
that compare unseeded events to seeded events and provide an estimate of the precipitation increase
along with the confidence intervals in which the true impact lies. Finally, the primary analysis must be
supported by a range of physically-based “secondary analyses” aimed at ensuring that the seeding
hypothesis is validated .

1.8 Published studies have shown no significant impact of silver iodide (Agl) used in past weather
modification operations either on human health or on the environment. However, any plans to use
either a massive quantity of such a product or a different seeding agent should be accompanied with a
preliminary evaluation of its potential effects on environment or on human health.

1.9 Unintended consequences of cloud seeding, such as downwind effects and environmental
and ecological impacts, have not been demonstrated but cannot be ruled out.

1.10 There are mounting claims that human activities affect local and sometimes regional cloud
properties and precipitation. Clarification of the existence and processes of such inadvertent weather
modification and the processes involved may provide important insights into the possibilities and
limitations of deliberate weather modification. In most cases of inadvertent weather modification as
opposed to cloud seeding experiments, it is difficult, if not impossible, to determine and differentiate
the type of particles that participate in cloud processes unless long-term measurements are available.
Cloud seeding could also be used to study the effects of aerosols on clouds by seeding clouds with
known particle concentrations and types as has recently been shown in the literature.

1.11 The status of different technologies applied to different weather phenomena and the physical
concepts underlying them are summarized below.

2. FOG

2.1 In principle, all types of fog can be dispersed by sufficient heating or mechanical mixing,
though such methods are often impractical and expensive.

2.2 Dispersal of supercooled fogs using glaciogenic materials or coolants is well established as a
reliable technique feasible in certain meteorological conditions.

3. PRECIPITATION

3.1 There is considerable evidence that cloud microstructure can be modified by seeding with
glaciogenic or hygroscopic materials under appropriate conditions. The criteria for those conditions
vary widely with cloud type. Evidence for significant and beneficial changes in precipitation on the
ground as a result of seeding is controversial and in many cases cannot be established with
confidence.

3.2 Cloud seeding has been used on both cold clouds, in which glaciogenic seeding aims to
induce ice-phase precipitation, and warm clouds, where hygroscopic seeding aims to promote
coalescence of water droplets. There is statistical evidence, supported by some observations, of
precipitation enhancement from glaciogenic seeding of orographic supercooled liquid and mixed-
phase clouds and of some clouds associated with frontal systems that contain supercooled liquid
water.

3.3 The use of glaciogenic agents such as silver iodide to seed supercooled cumulus clouds has
produced few results of general validity. Observed responses of clouds vary widely. There are
competing explanations and the questions are not yet resolved.



3.4 Seeding of convective clouds with hygroscopic materials has been shown to be adaptable to
different cloud types and has produced encouraging statistical results supported by some physical
observations and numerical modelling studies but is not yet an established technology.

4, HAIL

4.1 Extensively practiced glaciogenic seeding technologies have been used operationally in many
parts of the world to reduce hail damage. Scientific evidence to date is inconclusive and evaluation of
the results has proved difficult and the effectiveness remains controversial.

4.2 Supercell storms have been recognized as a particular problem.

4.3 Attempts to seed hailstorms with hygroscopic nuclei have been made but have not given
demonstrable results.

5. TROPICAL CYCLONES (TYPHOONS AND HURRICANES)

5.1 There is no generally accepted evidence suggesting that hurricanes can be modified.

6. OTHER PHENOMENA

6.1 There are no demonstrated methods to madify tornadoes and lightning strike danger by cloud
seeding.

7. GENERAL COMMENTS

7.1 The scientific status of weather modification, while steadily improving, still reflects limitations in
the detailed understanding of cloud microphysics and precipitation formation, as well as inadequacies
in accurate precipitation measurement. Governments and scientific institutions are urged to
substantially increase their efforts in basic physics and chemistry research related to weather
modification and related programmes in weather modification. Further testing and evaluation of
physical concepts and seeding strategies are critically important. The acceptance of weather
modification can only be improved by increasing the numbers of well executed experiments and
building the base of positive scientific results.

7.2 Governments and other agencies involved in weather modification activities should invest in
relevant education and training.

7.3 It is recognized that most weather modification projects are motivated by well documented
requirements, but they also have associated risks and the results may remain uncertain. Any new
project should seek advice from experts regarding the benefits to be expected, the risks involved, the
optimum techniques to be used, and the likely impacts. The advisors should be as detached as
possible from the project, so their opinions can be viewed as being unbiased. Operational weather
modification projects should be reviewed periodically (annually if possible) to assess whether the best
practices are being followed.



WMO STATEMENT ON WEATHER MODIFICATION

1. INTRODUCTION

1.1 For thousands of years people have sought to modify weather and climate so as to augment
water resources and mitigate severe weather. The modern technology of weather modification was
launched by the discovery in the late 1940s that supercooled cloud droplets could be converted to ice
crystals by insertion of a cooling agent such as dry ice or an artificial ice nucleus such as silver iodide.
Over many decades research has greatly enhanced our knowledge about the microphysics, dynamics
and precipitation processes of natural clouds (rain, hail, snow) and the impacts of human interventions
on those processes. Nonetheless, to bring about deliberate and effective changes via cloud seeding
has been continuously a scientific and operational challenge rather than a settled practice.

1.2 Weather modification involves three types of activities. Continuing strategic research is
required to investigate and test the scientific hypotheses on which the weather modification is based.
Because this research is inherently focused on important atmospheric processes, it is relevant not
only to weather modification but ailso to the improvement of weather and climate prediction that
supports a wide range of applications such as water management and climate change adaptation.
With sound scientific understanding of the relevant atmospheric processes, a weather modification
experiment can be designed and implemented in order to demonstrate the feasibility of the activity and
the validity of the underpinning scientific hypothesis. Having completed a successful experiment, it is
appropriate to undertake operational weather modification, in which the focus is on practical outcomes
while maintaining practices that allow continuing scientific evaluation of the results of the operations.

1.3 Since the 1980’s there has been a decline in support for weather modification research, and a
tendency to move directly into operational projects. It is crucial to recognize that weather modification
is still an emerging technology. Uncertainties inherent in the current technologies can only be
addressed by programmes of focused research that lead to deeper understanding of the effects of
cloud seeding on cloud and precipitation development. Increasing the scientific understanding will
also benefit several other branches of meteorology and climate change studies.

1.4 Currently, there are dozens of nations operating hundreds of weather modification projects,
particularly in arid and semi-arid regions all over the world, where the lack of sufficient water resources
limits their ability to meet food, fibre, and energy demands. The purpose of this document is to present
an overview of the status of weather modification.

1.5 It should be realised that the energy involved in weather systems is so large that it is
impossible to create cloud systems that rain, alter wind patterns to bring water vapour into a region, or
completely eliminate severe weather phenomena. The only credible approach to modifying weather is
to take advantage of microphysical sensitivities wherein a relatively small human-induced disturbance
in the system can substantially alter the natural evolution of atmospheric processes.

1.6 Cloud structure can vary widely from region to region. Seeding results in one geographic area
cannot be automatically assumed to apply to another area. Transferability should be carefully
considered, since, in addition to meteorological factors, differences in aerosol and trace gas
constituents, surface characteristics and other factors may also cause unexpected variations in cloud
behaviour and cloud response to intervention.

1.7 The ability to influence cloud microstructures has been demonstrated in the laboratory,
simulated in numerical models, and verified through physical measurements in some natural systems
such as fogs, layer clouds and cumulus clouds. However, direct physical evidence that precipitation,
hail, lightning, or winds can be significantly modified by artificial means is limited.



1.8 The complexity and variability of clouds resuit in great difficulties in understanding and
detecting the effects of attempts to modify them artificially. As knowledge of cloud physics, chemistry
and statistics and their application to weather modification has increased, new assessment criteria
have evolved for evaluating cloud-seeding experiments. The development of new equipment — such
as aircraft platforms with microphysical and air-motion measuring systems, radar (including Doppler
and polarization capability), satellites, microwave radiometers, wind profilers, automated raingauge
networks, mesoscale observing networks have introduced a new dimension. Equally important are the
advances in computer systems and new algorithms that permit large quantities of data to be
processed and models with more detailed description of cloud processes to be run in relatively short
time.

1.9 The new datasets used in conjunction with increasingly sophisticated numerical models help
in testing the weather modification hypotheses. However, careful measurement of key variables, such
as precipitation, aerosols and supercooled liquid water, must be a priority in any weather modification
experiment. As these variables are usually associated with operational decision making and
evaluation of weather modification activities, they should also be measured in operational
programmes. Any weather modification experiment or operation should be preceded by the
preparation and analysis of climatologies of key variables in order to test the applicability of the
weather modification hypothesis to a specific region.

1.10 If it were possible to predict precisely the precipitation from a cloud system, it would be a
simple matter to detect the effect of artificial cloud seeding on that system. The expected effects of .
seeding, however, are almost always within the large range of natural variability (low signal-to-noise
ratio) and our ability to predict the natural behaviour is still limited.

1.1 Comparison of precipitation observed during seeded periods with that during historical
periods presents problems because of climatic and other changes from one period to another. This
situation has been made even more difficult with the potential inadvertent effects air pollution, mega-
cities and of agricultural practices on cloud and rain formation. Furthermore, there is mounting
evidence that climate change may lead to changes in global precipitation amounts as well as to spatial
redistribution of precipitation. Consequently, the use of any evaluation technique must take into
account and mitigate the bias introduced by these non-random effects on precipitation.

1.12 Proper evaluation of a weather modification activity requires a randomization process in
which only some of the events suitable for seeding are in fact seeded. The accepted process requires
the specification of objective criteria for the start of an event, so that bias is not introduced by
subjective selection of seeded and unseeded events. Through various statistical techniques (such as
regression or double ratio), the impact of seeding is assessed by using the unseeded events to
estimate the 'natural' conditions in seeded events. The natural variability of precipitation is so high in
many regions that a statistically significant evaluation requires an experiment to extend over many
years. The evaluation should involve two stages. The primary analysis is a single test that detects the
impact of seeding. The primary analysis is generally a statistical test that provides an estimate of the
precipitation increase along with estimates of the statistical significance of the increase and the
confidence intervals in which the true impact lies. The primary analysis is supported by a range of
secondary analyses aimed at ensuring that the seeding hypothesis was validated. In particular, the
secondary analyses provide physical support for the primary analysis, by explaining the scientific basis
of the statistical result. The secondary analyses are especially important if the primary analysis yields
a null or even negative impact of seeding. The separation of the primary analysis from the secondary
analyses is to avoid the statistical phenomenon of 'multiplicity’; that is, if one carries out a large
number of statistical tests then by chance one is sure to eventually find a positive result.

1.13 The effect of natural precipitation variability on the required length of an experiment can be
reduced through the employment of physical predictors, which are effective in direct proportion to our



understanding of the phenomenon. The search for physical predictors, therefore, holds a high priority
in weather modification research. Physical predictors may consist of meteorological parameters (such
as stability, wind directions, pressure gradients) or cloud quantities (such as liquid water content,
draught speeds, concentrations of large drops, ice-crystal concentration, radar refiectivity, cloud top
height, and cloud horizontal extent).

1.14 Objective measurement techniques of precipitation quantities are needed for testing weather
modification methods. Because each measurement technique has its own characteristic uncertainty,
both direct ground measurements (e.g. rain gauges and hail pads) and remote sensing techniques
(e.g. radar, satellite) should be considered. Hydrological measurements may be of interest since they
are directly related to water management, but are difficult to use since they introduce additional factors
such as type of vegetation, slope of the terrain, soil moisture etc. Secondary sources such as
insurance data introduce new sources of error and bias, and should not be used by themselves.

1.15 Operational programmes should be conducted in full recognition of the potential risks and
benefits inherent in a technology which is not totally developed. For example, it should not be ignored
that, under certain conditions, seeding may cause more hail or reduce precipitation. Properly designed
and conducted operational projects seek to detect and minimize such adverse effects. Weather
modification managers should be encouraged to add scientifically-accepted evaluation methodologies
to be undertaken by experts independent of the operators. Operational programmes should include
physical measurements so the science of weather modification can benefit from the results. In spite of
the cautionary notes mentioned above, it should be clear that the potential for increasing rainfall by
cloud seeding exists, although the uncertainty of success is still large.

1.16 Brief summaries of the current status of weather modification are given in the following
sections. These summaries are restricted to weather modification activities that are based on
accepted scientific principles and have been tested in the field.

1.17 Education and training in cloud physics, cloud chemistry, and other associated sciences
should be an essential component of weather modification projects. Where the necessary capacity
does not exist, advantage should be taken of facilities of other Members.

1.18 Weather modification programmes are encouraged to utilize new observational tools and
numerical modelling capabilities in the design, guidance and evaluations of field projects. While some
Members may not have access or resources to implement these technologies, collaboration between
Member States (e.g. through multinational field programmes, independent expert evaluations,
education, etc.) are encouraged that could provide the necessary resources for implementing these
technologies. Due to the large natural variability it is important to emphasize that weather modification
programmes should be viewed a along-term (multi-year) commitment to be able to scientifically
evaluate these experiments.

2, FOG

21 The relative occurrence of warm and cold fogs is geographically and seasonally dependent.
In the past different techniques were used to disperse warm (i.e., at temperatures greater than 0°C)
and cold fogs, for instance, at airports and, to a lesser extent, on highways. At present, these are less
common, especially at airports with advanced navigation systems that allow landing in low visibility
conditions.

2.2 The thermal technique of fog dispersal that employs intense heat sources (such as jet
engines) to warm the air directly and evaporate the fog particles, has been shown to be effective for
short periods for dispersal of some types of fogs. Also, techniques have been used that mix dry air into



the fog  using hovering helicopters or ground-based engines. Both the mixing and the thermal
technigue are expensive for routine use.

2.3 To clear warm fogs, seeding with hygroscopic materials has also been attempted. An
increase in visibility is sometimes observed in such experiments, but the manner and location of the
seeding and the size distribution of seeding material are critical and difficult to specify. In practice, the
technique is seldom as effective as models suggest. Only hygroscopic agents should be used that
pose no environmental and health problems.

2.4 Cold (supercooled) fog can be dissipated by growth and sedimentation of ice crystals. This
may be induced with high reliability by seeding the fog with artificial ice nuclei from ground-based or
airborne systems. This technique is in operational use at several airports and highways where there is
a relatively high incidence of supercooled fog. Suitable techniques are dependent upon wind,
temperature and other factors. Dry ice has commonly been used in airborne systems. Other systems
employ rapid expansion of compressed gas to cool the air enough to form ice crystals. For example, at
a few airports and highway locations, liquid nitrogen or carbon dioxide is being used in ground-based
systems. A new technique, which has been demonstrated in limited ftrials, makes use of dry ice
blasting to create ice crystals and promote rapid mixing within the fog. Because the effects of this type
of seeding are easily measured and the results are highly predictable, randomized statistical
verification generally has been considered unnecessary.

3. PRECIPITATION (RAIN AND SNOW)

3.1 This section deals with those precipitation enhancement techniques that have a scientific
basis and that have been the subject of research. Other non-scientific and unproven techniques that
are presented from time to time should be treated with the required suspicion and caution.

Orographic Mixed-Phase Cloud Systems

3.2 In our present state of knowledge, it is considered that the glaciogenic seeding of mixed-
phase clouds formed by air flowing over mountains offers good prospects for increasing precipitation
in an economically-viable manner under suitable conditions. These types of clouds attracted great
interest in their modification because of their potential in terms of water management, i.e. the
possibility of storing water in reservoirs or in the snowpack at higher elevations. There is statistical
evidence that under certain conditions precipitation from supercooled orographic clouds can be
increased with existing techniques.

3.3 Observations supported by numerical modelling indicate that supercooled liquid water can
exist in amounts sufficient to explain the observed precipitation increases and could be tapped if
proper seeding technologies were applied. The processes culminating in increased precipitation have
also been directly observed during seeding experiments conducted over limited spatial and temporal
domains. While such observations further support the results of statistical analyses, they have, to
date, been of limited scope. The cause and effect relationships have not been fully documented.

3.4 This does not imply that the problem of precipitation enhancement in such situations is
solved. Much work remains to be done to strengthen the results and produce stronger statistical and
physical evidence that the increases occurred over the target area and over a prolonged period of
time, as well as to search for the existence of any extra-area effects. Existing methods should be
improved in the identification of seeding opportunities, targeting of the seeding material, and the times
and situations in which it is not advisable to seed, thus optimizing the technique, reducing inadvertent
risks and maximizing the cost effectiveness of the operations.



3.5 It should be recognized that the successful conduct of an experiment or operation is a difficult
task that requires qualified scientists and operational personnel. It is also difficult to target the seeding
agent from either ground generators or from broad-scale seeding by aircraft upwind of an orographic
cloud system. The accurate and timely identification of regions of sustained supercooled liquid water
and the ability to target these regions in often times varying wind conditions with seeding material are
critical to the success of these experiments and is often a major challenge.

Synoptic-Scale Cloud Systems

3.6 The seeding of cold stratiform clouds began the modern era of weather modification. Under
certain conditions shallow stratiform clouds can be under certain conditions made to precipitate, often
resulting in clearing skies in the region of seeding.

3.7 Cloud systems associated with mid-latitude synoptic fronts can contain supercooled liquid
water. When these systems pass over mountain ranges, the pre-existing supercooled liquid water can
be enhanced, leading to conditions suitable for cloud seeding.

3.8 A number of field experiments and numerical simulations have shown the presence of
supercooled water in some regions of these clouds and there is some evidence that precipitation can
be increased.

Cumuliform Clouds

3.9 In many regions of the world, cumuiiform clouds are the main precipitation producers. These
clouds are characterized by strong vertical velocities with high condensation rates. They hold the
largest condensed water contents of all cloud types and can yield the highest precipitation rates.
Seeding experiments with cumuliform clouds have produced variable results, which are at least partly
due to the high natural variability of convective clouds.

3.10 Because cumuliform clouds can occur in many different conditions, the resuiting precipitation
can develop through rain drop coalescence (warm cloud) or through ice (cold cloud) processes or in
combination of these processes (mixed-phase clouds). Thus glaciogenic or hygroscopic techniques
may be used to modify this type of cloud. Precipitation enhancement techniques by glaciogenic
seeding are utilized to affect ice and mixed phase processes, while hygroscopic seeding techniques
are used to affect warm and mixed phase processes. Evaluation of these techniques has utilized
direct measurements with surface precipitation gauges as well as indirect radar-derived precipitation
estimates. Rainfall patterns produced by cumuliform clouds have complex spatial and temporal
characteristics that are difficult to resolve with rain gauge networks alone.

3.11 The responses to seeding, based on reviews of historical experiments, seem to vary
depending on changes in natural cloud characteristics and in some experiments they appear to be
inconsistent with the original seeding hypothesis. Experiments involving heavy glaciogenic seeding of
warm-based convective clouds (bases about +10°C or warmer) have produced mixed results. They
were intended to stimulate updraughts through added latent heat release which, in turn, was
postulated to lead to an increase in precipitation. Some experiments have suggested a positive effect
on individual convective cells. Conclusive evidence that such seeding can increase rainfall from
multicell convective storms has yet to be established. Many steps in the postulated physical chain of
events have not been sufficiently documented with observations or simulated in numerical modelling
experiments.

3.12 In recent years, the seeding of warm and cold convective clouds with hygroscopic chemicals
to augment rainfall by enhancing warm rain processes (condensation/collision-coalescence/break-up
mechanisms) has received renewed attention through model simulations and field experiments. Two



methods of enhancing the warm rain process have been investigated. First, seeding with small
particles (artificial CCN with mean sizes about 0.5 to 1.0 micrometers in diameter) is used to
accelerate precipitation initiation by stimulating the condensation-coalescence process by favourably
modifying the initial droplet spectrum at cloud base. Second, seeding with larger hygroscopic particles
(about 30 micrometers in diameter) is used to accelerate precipitation development by stimulating the
collision-coalescence processes. A randomized experiment utilizing the latter technique indicated
statistical evidence of increases in radar-estimated precipitation increases. However, the increases
were not as indicated by the conceptual model, but seemed to occur at later times (one to four hours
after seeding). The cause of this apparent effect is not known.

3.13 Recent randomized seeding experiments with flares that produce small (0.5 to 1.0
micrometers in diameter) hygroscopic particles in the updraught regions of continental, mixed-phase
convective clouds have provided statistical evidence of increases in radar-estimated rainfall. The
experiments were conducted in different parts of the world and the important aspect of the results was
the replication of the statistical results in a different geographical region. In addition, limited physical
measurements were obtained suggesting that the seeding produced a broader droplet spectrum near
cloud base that enhances the formation of large drops earlier in the lifetime of the cloud. These
measurements were supported by numerical modelling studies. Although the results are encouraging
and intriguing, the reasons for the duration of the observed effects obtained with the hygroscopic
particle seeding are not understood and some fundamental questions remain. Measurements of the
key steps in the chain of physical events associated with hygroscopic particle seeding are needed to
confirm the seeding conceptual models and the range of effectiveness of these techniques in
increasing precipitation from warm and mixed-phase convective clouds.

3.14 Despite some statistical evidence of changes in radar-estimated precipitation changes in
individual storms using both glaciogenic and hygroscopic techniques, there is no evidence that such
seeding can economically increase rainfall over significant areas.

4. HAIL

4.1 Hail associated with complex and deep convection causes substantial economic loss to crops
and property. Many hypotheses have been proposed to suppress hail and operational seeding
activities have been undertaken in many countries. Physical hypotheses include the concepts of
beneficial competition (creating many additional hail embryos that effectively compete for the
supercooled water), trajectory lowering (intended to reduce the size of hailstones) and premature
rainout by focusing on new growth regions of hailstorms.

4.2 While progress has been made, our understanding of storms is_not yet sufficient to allow
confident prediction of the effects of seeding on_hail suppression. Supercell storms have been
recognized as a particular problem due to damage cause by these very dynamic and energetic
mesoscale systems. Cloud remote sensing and numerical cloud model simulations have provided
guidance in our ability to understand the complexity of the hail process and improved our ability to
delineate favourable times, locations and seeding amounts for effective modification treatments, but

the simulations are not yet accurate enough to provide final answers.

4.3 A few randomized trials have been conducted for hail suppression using such measures as
hail mass, kinetic energy, hailstone number and area of hail fall. These randomized trails have not
been conclusive. However, most attempts at evaluation have involved non-randomized operational
programmes. In the latter, historical trends in crop hail damage have often been used, sometimes with
target and upwind control areas, but such methods can be unreliable. Despite large reductions having
been claimed by many groups, the weight of scientific evidence to date is inconclusive and operational

programmes should strengthen the physical and evaluation components of their efforts. Significant




advances in technology during the last decade have opened new avenues to document and better
understand the evolution of severe thunderstorms and hail.

4.4 Anti-hail activities using cannons to produce loud noises (acoustic waves) have neither
scientific basis nor credible physical hypotheses.

5. TROPICAL CYCLONES (HURRICANES, TYPHOONS)

5.1 Tropical cyclones (hurricanes, typhoons) contribute significantly to the annual rainfall of many
areas, but they are also responsible for considerable damage to property and for a large loss of life.
Tropical cyclones modification experiments that aimed at reducing the maximum winds were
conducted in the 1960s and early 1970s but without positive results. Despite 30 years of subsequent
research, there is no generally accepted evidence suggesting that hurricanes can be modified.

6. OTHER WEATHER PHENOMENA

6.1 While modification of tornadoes or of damaging winds from severe storms is desirable for
safety and economic reasons, there is presently no accepted physical hypothesis to accomplish such
a goal.

6.2 There has been some interest in the suppression of lightning. Motivation includes reducing
occurrences of forest fires ignited by lightning and diminishing this hazard during the launching of
space vehicles. The concept usually proposed involves reducing the electric fields within
thunderstorms so that they do not become strong enough for lightning discharges to occur. To do this,
chaff (metallized plastic fibres) or silver iodide has been introduced into thunderstorms. There are also
methods to initiate lightning early, thus reducing the electrical charge of the cloud. This is done by
rockets with a long wire behind. The chaff is postulated to provide points for corona discharge which
reduce the electric field to values below those required for lightning, whereas augmenting the ice-
crystal concentration is postulated to change the rate of charge build-up and the charge distribution
within the clouds. Field experiments have used these concepts and limited numerical modelling results
have supported them. The results have no statistical significance.

7. INADVERTENT WEATHER MODIFICATION

7.1 Some issues related to inadvertent cloud modification are the same as those involved in
creating deliberate changes. Hence, research directed toward understanding of inadvertent cloud
modification is closely parallel to that of research to improve the scientific basis of cloud seeding.
There is ample evidence that widespread biomass burning and agricultural and industrial activities
modify local and sometimes regional weather conditions.

7.2 Land-use changes (e.g. urbanization and deforestation) also modify local and regional
weather. Air quality, visibility, surface and low-level wind, humidity, temperature, and cloud and
precipitation processes are all affected by large urban areas. Documenting the inadvertent effects of
human activities on clouds and precipitation may provide additional insights into the theoretical basis
for advertent (deliberate) attempts to modify the weather. In most cases of inadvertent weather
modification as opposed to cloud seeding experiments, it is difficult, if not impossible, to determine and
differentiate the type of particles that participate in cloud processes unless long-term measurements
are available. Cloud seeding could also be used to study the effects of aerosols on clouds by seeding
clouds with known particle concentrations and types as has recently been shown in the literature.
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8. ECONOMIC, SOCIAL AND ENVIRONMENTAL ASPECTS OF WEATHER MODIFICATION

8.1 Weather modification is sometimes considered by countries when there is a need to improve
the economy in a particular branch of activity (for example, increase in water supply for agriculture or
power generation) or to reduce the risks that may be associated with dangerous events (frosts, fogs,
hail, lightning, thunderstorms, etc.). Besides the present uncertainties associated with the capability to
reach such goals, it is necessary to consider the impacts on other activities or population groups.

8.2 Economic, social, ecological and legal aspects should be taken into account during the
design stage of an operation.

8.3 Published studies have shown no significant impact of silver iodide (Agl) used in past weather
modification operations either on human health or on the environment. However, any plans to use
either a massive quantity of such a product or a different seeding agent should be accompanied with a
preliminary evaluation of its potential effects on environment or on human health.

8.4 The implications of any projected long-term weather modification operation on ecosystems
need to be assessed. Such studies could reveal changes that need to be taken into account. In
operational programmes, monitoring of possible environmental effects should be undertaken as a
check against anticipated impacts.

8.5 Legal aspects may be particularly important when weather modification activities are
performed in the proximity of borders between different countries. However, any legal system aimed at
promoting or regulating weather modification must recognize that scientific knowledge is still
incomplete.
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GUIDELINES FOR THE PLANNING OF WEATHER MODIFICATION ACTIVITIES

1. These guidelines are addressed to Members requesting advice or assistance on weather
modification activities and should be used with the Statement on Weather Modification. They include
recommendations for research experiments that are based on present knowledge gained through the
results of worldwide theoretical studies as well as laboratory and field experiments. A synthesis of the
main basic concepts and main results obtained in the weather modification programmes is given in the
WMO Statement on the Status of Weather Modification. Guidelines for research experiments — as well
as recommendations for operational programmes are provided. This Statement was revised in
response to the request of CAS XV and approved by the CAS Management Group in September
2010.

2, Members wishing to develop activities in the field of weather modification should be aware of
the uncertainties outlined in the WMO Statement on Weather Modification.

3. It should be realised that the energy involved in weather systems is so large that it is
impossible to create artificially rain storms, alter wind patterns to bring water vapour into a region, or
completely eliminate severe weather phenomena. Weather Modification technologies that are claimed
to achieve such large scale or dramatic effects do not have a sound scientific basis (eg. hail canons,
ionization methods) should be treated with suspicion. The only credible approach to modifying weather
is to take advantage of microphysical sensitivities wherein a relatively small human-induced
disturbance in the system can substantially alter the natural evolution of atmospheric processes.

4, Experimental programmes should be planned on a long-term basis (many years) because the
precipitation variability is generally much greater than the increases or decreases claimed for artificial
weather modification. Care should be taken in the design of the experiment and to engage qualified
operators. It is strongly recommended that an objective evaluation be performed by a qualified group
independent of the operational one. The use of appropriate observations and numerical models may
help in reducing the time required to evaluate the project.

5. Acceptance of the results of a weather modification programme depends on the degree of the
scientific objectivity and the consistency with which the experiment was carried out and the degree to
which this is demonstrated. Also important are the physical plausibility of the experiment, the degree
to which bias is excluded from the conduct and analysis of the experiment, and the degree of
statistical significance achieved. There have been few weather modification experiments that have
met the requirements of the scientific community with respect to these general criteria. However, there
are exciting possibilities now for making progress in our understanding of weather modification issues
using modern research tools, including advanced radar, new aircraft instruments, powerful numerical
models, and sophisticated statistical techniques.

6. WMO recommends that a detailed examination of the suitability of the site for cloud seeding
should be conducted in the way as reported in past WMO reports on weather modification. To
increase the chances of success in a specific situation, it should be verified through preliminary
studies that:

(a) The climatology of clouds and precipitation at the site indicates the possibility of amenable
conditions for weather modification;

(b) Conditions are suitable for the available modification techniques;

(c) Modelling studies support the proposed weather modification hypothesis;

(d) Socio-economic and environmental consideration should be included as an integral part of

the design of weather modification research experiments and operational programmes.
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7. Weather modification should be viewed as a part of an integrated water resources
management strategy. Instant drought relief is difficult to achieve. In particular, if there are no clouds,
precipitation cannot be artificially stimulated. It is likely that the opportunities for precipitation
enhancement will be greater during periods of normal or above normal rainfall than during dry periods.

8. WMO recommends that cloud seeding projects for precipitation modification be designed to
allow statistical and physical evaluation of the results of seeding. If a rigorous evaluation is desired,
then some randomization of the seed/control cases should be incorporated. The physical
measurements should include characterization of the seeding material. Operational weather
modification projects should be reviewed periodically (annually if possible) to assess whether the best
practices are being used. Any new project should seek advice from experts regarding the benefits to
be expected, the risks involved, the optimum techniques to be used, and the likely impacts. The
advisors should be as detached as possible from the project, so their opinions can be viewed as being
unbiased.

9. The Members should be aware that the scope of efforts involved in the design, conduct or
evaluation of a weather modification programme precludes the WMO Secretariat from giving detailed
advice. However, if requested, the Secretary-General may assist (by obtaining advice from scientists
on other weather modification projects or with special expertise) on the understanding that:

(a) Costs will be met by the requesting country:;

(b) WMO can take no responsibility for the consequences of the advice given by any invited
scientist or expert;

(c) WMO accepts no legal responsibility in any dispute that may arise.

13
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PRILOG 3

Prikaz financijskih planova operativne obrane od tuce od 2009.-2018. godine sa stvarnim
izvrSenjem
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