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Apstrakt

Osiguranje i reosiguranje svrstavaju se medu klju¢ne oblike finansijske
zastite od katastrofalnih dogadaja. U savremenom dobu sve vedi znacaj za procenu
rizika od prirodnih katastrofa imaju probabilisticki modeli, koji se koriste za kreiranje
usluga osiguranja i reosiguranja namenjenih zastiti gradana, pravnih lica, ali i zastiti
budzeta drzave i lokalnih samouprava. Alternativni oblici reosiguranja od prirodnih
katastrofa, povezani sa trzistem hartija od vrednosti, mogu takode dati znacajan
doprinos unapredeniju trzista (re)osiguranja od prirodnih katastrofa.

Kljuéne reci: prirodna katastrofa, koncept otpornosti na prirodne katastrofe, upravlja-

nje rizicima, osiguranje i reosiguranje od prirodnih katastrofa, probabilisticki modeli za
procenu rizika, Nat CAT XL, Cat Bonds

l. Uvod

Prirodna katastrofa je dogadaj izazvan prirodnim silama, odnosno realizacijom
primarnih ili sekundarnih rizika,? koji drzavu izlaze zna¢ajnim ekonomskim gubici-
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prirodne katastrofe u svetu, sa Stetama ekstremno visokih razmera. Sekundarni rizici, poput poplava,
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ma i zbog kog hiljade ljudi stradaju, a nekada desetine ili ¢ak stotine hiljada ljudi
ostaju bez posla i doma. Buduc¢i da prirodna katastrofa podrazumeva Sirok spektar
ljudskih, socioloskih, finansijskih, ekonomskih i ekoloskih uticaja, sa potencijalno
dugotrajnim visegeneracijskim efektima, finansijsko upravljanje tim uticajima klju¢ni
je izazov za pojedince, preduzeca i vlade drzava. Osiguranje i reosiguranje, podrzani
sveobuhvatnim pristupom procene rizika, svrstavaju se medu klju¢ne oblike finan-
sijske zastite od katastrofalnih dogadaja.

Poslednjih decenija uocava se tendencija rasta ekonomskih gubitaka od
prirodnih katastrofa. Period od dve uzastopne godine s najviSim iznosima Steta
izazvanih prirodnim katastrofama u svetu je bio period 2017/2018. godine, kada
su Stete od prirodnih katastrofa pokrivene osiguranjem iznosile ¢ak 219 milijardi
USD,* od ¢ega se vise od polovine tog iznosa odnosilo na Stete nastale realizacijom
sekundarnih rizika. Medutim, postoji velik jaz izmedu stvarno nastalih Steta i dela
tih Steta koje su pokrivene osiguranjem. Primera radi, procene su da je od ukupnog
iznosa Steta od prirodnih katastrofa iz 2017.i 2018. godine, ¢ak oko 280 milijardi
USD? ostalo nepokriveno osiguranjem.

Primeri nedovoljne pokrivenosti osiguranjem 3teta nastalih u prirodnim
katastrofama javljaju se i na ovim prostorima. Tako u katastrofalnim poplavama koje
su pogodile Srbiju, Bosnu i Hercegovinu i Hrvatsku 2014. godine, izazvanim velikim
kisama indukovanih poljem niskog vazdusnog pritiska (,Ivet”) koje se formiralo iznad
Jadranskog mora, najveci deo $teta nije bio pokriven osiguranjem. Od ukupnog iznosa
Steta iz tog dogadaja u Srbiji, koji se procenjuje na oko 1,7 milijardi evra, svega 2%
do 3% je, prema procenama, bilo pokriveno osiguranjem.

Najcesée navodena objasnjenja zasto je osiguranjem nepokriven znacajan
deo steta iz prirodnih katastrofa su sledeca: (1) nedovoljna upoznatost gradana, ali i
drzave, sa osiguranjem od prirodnih katastrofa, (2) nedostatak svesti potencijalnih
osiguranika o riziku, jer oni i dalje ¢esto osiguranje smatraju dodatnim troskom, (3)
shvatanje gradana i pravnih lica da drzava ima obavezu da pokrije Stetu nastalu
usled prirodne katastrofe i dr. S druge strane, osiguravaci oklevaju da obezbede
pokri¢e tamo gde je procena rizika otezana i, kao tradicionalno konzervativni, nude
uzi opseg pokrica za prirodne katastrofe.

oluja sa grmljavinom, sneznih i ledenih oluja, suse, pozara i dr. realizuju se c¢es¢e od primarnih rizika
i uzrokuju manje Stete nego one nastale usled realizacije primarnih rizika, ali su i te Stete katastrofalnih
razmera. Cesto se sekundarni rizici realizuju kao posledica primarnih rizika od prirodnih katastrofa (na
primer pozar nakon zemljotresa), ali sekundarni rizici, razume se, mogu se realizovati i nezavisno od
realizacije primarnih rizika.

4 Najvece prirodne katastrofe su u 2017. godini izazvali uragani Harvi, Irma i Marija, a u 2018. godini
tajfun Jebi i pozar,Kamp fajer”.

®> Swiss Re Institute, “Natural catastrophes and man-made disasters in 2018: secondary perils on the
frontline”, Sigma 2/2019, Swiss Re Institute, 2019, p. 8.

38 [3/2021 @) TOKOVI OSIGURANJA



J. Doganjié, M. Paunovié: Upravljanje rizicima od prirodnih katastrofa

Ipak, postojeci jaz u osiguravajucoj zastiti moze se smatrati i kao prilika za
osiguravace da povecaju prodaju usluga osiguranja koje pomazu pri upravljanju
finansijskim poteskoc¢ama koje izazivaju prirodne katastrofe. Prepoznajuci osiguranje
kao jedno od klju¢nih sredstava finansijske zastite od katastrofalnih dogadaja, UN,
Svetska banka, GEF, SECO, G7 i mnoge druge medunarodne institucije poslednjih
godina pokrenule su niz inicijativa i projekata. Cilj tih inicijativa je pruzanje zastite
od prirodnih katastrofa na medunarodnom, drzavnom, regionalnom ili na indivi-
dualnom nivou.

Il. Upravljanje rizicima od prirodnih katastrofa

Obim steta izazvanih prirodnom katastrofom zavisi od intenziteta delova-
nja prirodnih sila, ali i od faktora na koje utice ¢ovek (npr. konstrukcija gradevinskih
objekata, infrastruktura i dr.), kao i od spremnosti drustva da efikasno reaguje na
podrucju pogodenom katastrofom.

Katastrofalne Stete izazvane prirodnim katastrofama i njima dalje izazvane
krize mogu se desiti u bilo koje vreme i na bilo kom mestu u svetu. Kao vodic za
zastitu, upravljanje krizama i za ogranicenje visine Steta koje potencijalno mogu
nastati, razvijen je ,Koncept otpornosti na prirodne katastrofe”. Taj koncept obuhvata
sinhronizovanu pripremu za katastrofalne dogadaje (kroz analizu vrsta i intenziteta
potencijalnih dogadaja i pripreme za te dogadaje), prevenciju (kroz preventivne
aktivnosti za, koliko je moguce, ublazavanje posledica prirodnih katastrofa), za-
stitu (aktivnosti zastite Zivota, zdravlja i imovine), reakciju na prirodne katastrofe
(aktivnosti ogranicavanja visine Stete nakon nastanka katastrofe), i, na kraju, mere
finansijske zastite i obnovu nakon katastrofalnih dogadaja, radi povratka na nor-
malan nivo aktivnosti.

U poslednjim decenijama, drZzave suocene s rizicima od prirodnih katastrofa
moderne ere ulazu sve vece napore na poboljsanju otpornosti na katastrofalne do-
gadaje. Ipak, drzave iz grupe siromasnijih, koje imaju lo3u infrastrukturu i spor javni
sektor, nisu u stanju da uspostave adekvatan koncept otpornosti na prirodne katastrofe.
Dugorocne posledice ranjivosti siromasnijih zemalja u tom pogledu su neizbezne, a
statistika Salje jasnu poruku: u siromasnijim drzavama od prirodnih katastrofa umire
vedi broj ljudi nego u bogatim drzavama, posmatrano kako u apsolutnim brojevima
tako i u relativnim odnosima, kroz u¢esc¢e broja nastradalih u odnosu na ukupno
stanovnistvo. To se objasnjava time $to, u siromasnim delovima sveta, ekstremne
vremenske prilike, poput poplava i susa, predstavljaju vecu opasnost i za zivot ljudi
i za ekonomiju i uslove Zivota citavih zajednica nego za razvijene delove sveta.

¢ Munich Re, “Natural catastrophes 2016 Analyses, assessments, positions’, Topics Geo-2017 Issue, Munich
Re, 2017, pp. 12-13.
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Mitigacija rizika jedna je od najvaznijih vrsta alata koje drzava moze da koristi
u upravljanju rizikom od prirodnih katastrofa. Jer, iako drzava mora uciniti sve Sto
moze da smanji posledice prirodnih katastrofa (npr. tako Sto ¢e zabraniti gradnju u
zonama poplava) ipak, nakon to se uradi sve $to je moguce na prevenciji, ona mora
da ima i moguénosti prenosa dela rizika.

Mnoge nerazvijene zemlje i zemlje u razvoju imaju ograni¢enu finansijsku
sposobnost da reaguju na prirodne katastrofe, i to iz sledecih razloga: (1) imaju mali
fiskalni prostor za diskrecionu potrosnju, (2) imaju ograni¢ene mogucnosti za do-
bijanje sredstava neposredno nakon prirodnih katastrofa i (3) imaju relativno nizak
kreditni potencijal. Takve zemlje se uglavnom oslanjaju na spoljnu pomoc¢ i zajmove
za oporavak u slucaju katastrofe. Ali takva ex-post politika moze biti neefikasna, s
nepredvidivim rezultatima, ali i skupa ako se zemlja zaduZzuje.

Jedan od najboljih nacina mitigacije rizika prirodnih katastrofa jeste osi-
guranje, odnosno reosiguranje. Tu ¢injenicu, ¢ak i formalno, na najvisem nivou,
potvrduju, pored ostalog, i Pariski sporazum (Paris Agreement’) i Sendajski okvir za
smanjenje rizika od katastrofa u periodu 2015-2030. godine (Sendai Framework for
Disaster Risk Reduction 2015-2030%) koji su, kao klju¢ne prioritete, izdvojili ulaganje u
prenos rizika od katastrofa i osiguranje na globalnom, nacionalnom i lokalnom nivou.

lll. Procena rizika od prirodnih katastrofa

Upravljanje rizicima osiguranja od prirodnih katastrofa sprovodi se kroz tri
osnovna principa: agregacija individualnih rizika, segregacija individualnih rizika u
posebne grupe i kontrola moralnog hazarda. S obzirom na visok intenzitet katastro-
falnih Steta, opsti je zahtev i da kapital osiguravaca koji nude usluge osiguranja od
prirodnih katastrofa mora biti visok i takav da obezbedi visoku stopu prezivljenja.
Kao veoma vazan oblik upravljanja rizicima izdvaja se i reosiguranje, tj. prenos viska
rizika iznad kapaciteta osiguravaca na reosiguravaca.

Kod osiguranja standardnih rizika (koji nisu rizici od katastrofa) i koji nisu
u korelaciji, ukupan agregatni rizik je manji od sume pojedinacnih rizika, jer se ovi
rizici ne realizuju na istom mestu i u isto vreme (Cime se obezbeduje disperzija rizika).
S druge strane, kod rizika od prirodnih katastrofa, prednosti klasi¢cnog agregiranja
rizika se gube, jer su individualni rizici zavisni (medusobno korelisani) i ukupan agre-
gatni rizik se povecava. To dalje znaci da osiguravaci koji, kroz pul rizika, osiguravaju
jedan tip prirodne katastrofe moraju da ispune veoma visoke zahteve za kapitalom,
ukoliko nemaju adekvatno reosiguranje. Da bi to obezbedili, oni moraju da povise

7 United Nations, Framework Convention on Climate Change, Decision 1/CP.21, Adoption of the Paris
Agreement, 2016.

8 United Nations Office for Disaster Risk Reduction, “Sendai Framework for Disaster Risk Reduction
2015-20307 Third UN World Conference on Disaster Risk Reduction in Sendai, Japan, 2015.

40 [3/2021 @) TOKOVI OSIGURANJA



J. Doganjié, M. Paunovié: Upravljanje rizicima od prirodnih katastrofa

premiju osiguranja od odredenog tipa prirodne katastrofe i, ako je to povecanje
znacajno, potencijalni osiguranici mogu odustati od kupovine te usluge. Ipak, i da-
lje je moguce da osiguravaci ucine katastrofalne rizike osigurljivim. Naj¢es¢i nacin
jeste vezivanje osiguranja vise vrsta prirodnih katastrofa u jednu uslugu. Na primer,
poplava i zemljotres mogu biti pokriveni jednim ugovorom o osiguranju (polisom
osiguranja), i dok god su ovi pojedinacni tipovi prirodnih katastrofa medusobno
nekorelisani, udruzivanje rizika vodi manjem agregatnom riziku nego $to svaki od
tih tipova individualno nosi. Takode, disperzija rizika se postiZe i pruzanjem usluge
osiguranja od prirodnih katastrofa, na razli¢itim geografskim podru¢jima.

Pored pozitivnih efekata, koji se postiZzu vezivanjem vise vrsta prirodnih
katastrofa u jednu uslugu osiguranja, osiguranje od prirodnih katastrofa najbolje
funkcionise kada postoji segregacija izmedu visoko i nisko rizi¢nih osiguranika.
Kroz ovu tehniku osiguravaci umanjuju ocekivane Stete, kao rezultat dva procesa.
Prvo, ako u svom portfelju osiguravac, kroz postupak osiguravanja, izvrsi podelu na
visokorizi¢ne i niskorizi¢ne osiguranike, varijanca rezultata tog portfelja bi¢e niza
nego varijanca portfelja u kome osiguranici nisu bili podeljeni prema rizi¢nosti. To
umanjenje varijabilnosti umanijuje rizik od gubitaka na strani osiguravaca. Drugo,
podelom osiguranika prema rizi¢nosti osiguravaci adekvatnije procenjuju premiju,
tako da ona bolje odrazava doprinos svakog individualnog osiguranika pulu rizika.
Takav pristup ima brojne prednosti, a i sami osiguranici postaju svesni troskova svog
rizicnog ponasanja.

Treci nacin na koji osiguravaci umanjuju nivo katastrofalnih rizika (Steta),
kojima mogu biti izloZeni, jeste kontrola moralnog hazarda, to jest promene pona-
$anja osiguranika prema imovini koja je predmet osiguranja (zato $to je svoj li¢ni
rizik preneo na drustvo za osiguranje). Primera radi, osiguranik moze biti manje
zainteresovan da zastiti svoje domacinstvo kada je poplava neizbezna, jer zna da
¢e osigurava¢ nadoknaditi Stetu.

Osiguravaci primenjuju razlicite tehnike kako bi umanijili efekte moralnog
hazarda, a naj¢esca je primena fransize. Za razliku od osiguranja od dogadaja koji su
povezani s relativno malim Stetama, kod kojih se dobri efekti ostvaruju primenom
nominalne (fiksne) fransize, kod osiguranja od prirodnih katastrofa delotvornije je
ugovaranje procentualne fransize. Ta tehnika podrazumeva da osiguravac i osiguranik
srazmerno ucestvuju u Steti i da osiguranik ima poseban interes da se ponasa na
nacin koji ¢e umanijiti potencijalnu Stetu od katastrofalnog dogadaja. Takode, zna-
¢ajna tehnika za umanjenje moralnog hazarda jeste uvodenje odredenih iskljucenja
iz osiguranja, na primer kod osiguranja poplava isklju¢enje objekata koji se nalaze
u blizini re¢nih korita ili vodenih basena.’

° Jelena Doganiji¢, Zivorad Risti¢, “Catastrophe insurance - contemporary trends’, Insurance in the post-crisis
era, University of Belgrade, Faculty of Economics Publishing Centre, 2018, pp. 275-290.
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IV. Modeli za utvrdivanje premije osiguranja i reosiguranja
od prirodnih katastrofa

Ne postoji jedinstvena metodologija utvrdivanja premije osiguranja od
prirodnih katastrofa, ali je opsti zahtev da ona bude procenjena na osnovu svih
ocekivanih buduc¢ih troskova vezanih za transfer rizika Steta na osiguravaca, odnosno
reosiguravaca, uz ispunjenje uslova profitabilnosti.

S obzirom na kompleksnost osiguranja od prirodnih katastrofa, obracun
riziko-premije ovog osiguranja sve se rede vrsi tradicionalnim deterministickim me-
todama, jer su one nedovoljne i neprilagodene ovom tipu rizika. U slu¢aju nedostatka
reprezentativnih statistickih podataka, u praksi se ¢esto koriste raspolozivi statisticki
podaci koji mogu da budu upotrebljivi uz odredene rezerve, ograni¢enja i odstupanja. Ti
podaci zasnivaju se na intuiciji ili znanju eksperata. Primenom teorije fazi sistema mogu
se dobiti zadovoljavajuca resenja u slucajevima kada postoji problem neizvesnosti,
nepouzdanosti, viSeznacnosti i neodredenosti.’® U segmentu ocene rizika u osiguranju
ona se koristi kada ne postoje jasni, precizni ili dovoljni podaci neophodni za pouzdanu
kvantifikaciju rizika. Fazi sistemi i fazi tehnologija predstavljaju matematicki pristup na
osnovu koga se odredene neprecizne informacije mogu matematicki modelirati, sto
predstavlja osnovu za ra¢unarsku obradu informacija pomocu brojnih modelai vrsta
softverskog alata iz ove oblasti."' Razvoj tehnologija omogucava formiranje napred-
nijih, hibridnih modela, kao i primenu simulacija u odredenim fazama modeliranja.

Simulacije u postupku modeliranja omogucavaju analizu efekata primene
razlicitih uslova osiguranja (npr. fransize i limita pokri¢a), kao i analizu osetljivosti
rezultata na primenu razlicitih parametara distribucija frekvencije i intenziteta Steta.'

Premija osiguranja od prirodnih katastrofa u savremenim uslovima procenjuje
se modelovanjem - putem stohastickih metoda tj. primenom teorije verovatnoce,
kori$¢enjem statistic¢kih raspodela, koje aproksimiraju kretanje Steta. Za modeliranje
intenziteta Steta Cesto se koristi neka od neprekidnih raspodela, sa,teskim repom*.

Raspodela verovatnoca Steta, koja se jos naziva i kriva verovatnoce prekora-
¢enja (exceedance probability curve), odrazava verovatnocu da ¢e se odredeni iznos
Stete prekoraciti u odredenom periodu. Na primer, za period simulacije od 10.000
godina, prvorangirana Steta po visini ima verovatnocu prekoracenja 1/10.000, odnosno
0,01%. Druga Steta po veli¢ini ima verovatnocu prekoracenja od 0,02%, stota Steta
po velic¢ini ima verovatnocu prekoracenja od 1% itd. Te verovatnoce se takode mogu

' Vise o ovoj oblasti u Lotfi A. Zadeh, “Fuzzy sets", Information and Control, (8), 1965, pp. 338-353. i
Hans-Jiirgen Zimmermann, Fuzzy Set Theory and its Applications, 4* Edition, Springer, 2001.

" Vladimir Gajovi¢, Marija Paunovic, “Applying fuzzy mathematics to risk assessment in insurance industry”,
Tokovi osiguranja, vol. 1, 2018, pp. 23-38.

12 Jelena Kocovi¢, Marija Koprivica, “An internal model for measuring premium risk when determining sol-
vency of non-life insurers’, Economic Annals, Vol. LXIIl, No.217, Faculty of Economics, Belgrade, 2018, p. 109.
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iskazati i kroz ,,povratne periode” (return periods). Tako iznos Stete kojoj odgovara
povratni period od 100 godina ima verovatno¢u od 1% da bude prekoracena u toku
godine. Povratni period od npr. 100 godina ne znadi da e se, ukoliko dode npr. do
poplave sa tim povratnim periodom, sledec¢a poplava dogoditi za oko sto godina,
vec to znaci da u bilo kojoj godini postoji verovatnoca od 1% da e se takva Steta
dogoditi, bez obzira na to kada je posledniji slican dogadaj nastao.

Konveksan oblik krive verovatnoce prekoracenja u nizim povratnim perio-
dima (visoke verovatnoce prekoracenja) ukazuje na to da je prose¢na godisnja Steta
(Average anual loss - AAL) visoko zavisna od vrednosti u nizim povratnim periodima.
Takva kriva je tipi¢na za katastrofalne Stete koje imaju ucestaliju frekvenciju, kao sto
su npr. oluje ili poplave. | obratno, konkavan oblik krive u nizim povratnim periodima
ukazuje na to da je prosecna godis$nja Steta vise zavisna od Steta u visSim povratnim
periodima. Takav oblik krive tipi¢an je za katastrofalne Stete koje imaju manje izra-
zenu frekvenciju, kao $to su, na primer, zemljotresi. Raspodele verovatnoca steta
mogu se formirati za bilo koju geografsku regiju, za odredeni portfolio objekata ili
za jedan pojedinacan objekat.

Zbog brojnosti i slozenosti faktora rizika, pri formiranju tarife premije osi-
guranja prirodnih katastrofa moraju se resiti slededi problemi:

« medu brojnim mogucim faktorima rizika treba izabrati najznacajnije, koji

ce biti sastavni deo tarife

- u okviru svakog faktora rizika treba opredeliti podgrupe faktora rizika

« potrebno je formirati adekvatan model obracuna premije za faktore rizika

i njihove podgrupe.’™

S obzirom na princip personalizacije rizika u osiguranju, s jedne strane,
i zahtev za agregiranje rizika, s druge strane, raspodele verovatnoca se najcesce
utvrduju za homogene grupe rizika, za koje se onda utvrduje premija osiguranja. U
Tabeli br. 1 dat je primer faktora rizika koji se mogu koristiti za utvrdivanje premije
u osiguranju od zemljotresa i poplave.

Tabela 1. Primer faktora rizika koji uti¢u na visinu premije osiguranja
od zemljotresa i poplave™
Faktor rizika Primer Zemljotres | Poplava
Geografska lokacija - regija CRESTA visoke ili niske rezolucije Da Da™

Precizna geografska Sirina i duzi-
na posmatrane lokacije

Geografska lokacija - detaljna Ne Da

3 Jelena Doganiji¢, Zivorad Risti¢, ,Diferenciranje premija kao preduslov za zastitu od premijske nesta-
bilnosti i negativne selekcije rizika“, Tokovi osiguranja 4/2011, 2011, str. 27-31.

" Jelena Doganji¢, Zivorad Risti¢, “Catastrophe insurance - contemporary trends’, Insurance in the post-crisis
era, University of Belgrade, Faculty of Economics Publishing Centre, 2018, p. 286.

5 U primeni, mada je pozeljnija detaljnija geografska lokacija.
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Faktor rizika Primer Zemljotres | Poplava
Tip objekta - Stambepl Da Da
= Poslovni
= Drvena konstrukcija
Klasa konstrukciie = Zidana konstrukcija
) = Armirani beton Da Da
12 Ne i
Spratnost objekta = 3-5 Da
retko
. 6+
= 1941-1962
Godina izgradnje = 1963-2006 Da Ne
= >2006
= Prizemlje
Lokacija stana/kancelarije = Prvisprat Ne Da
= Ostali spratovi
" = Objekat ima podrum
Podrumske prostorija « Objekat nema podrum Ne Da
= <0.50m
Evaluacija prizemlja = 0.50m-1.00m Ne Da
= >1.00m

Ipak, pri utvrdivanju premije osiguranja od katastrofalnih rizika, ne sme se za-
nemariti ¢injenica da je upotrebljivost istorijskih podataka o katastrofalnim dogadajima
ogranicena, s obzirom na njihov mali opseg (katastrofe se retko dogadaju), kao i s obzirom
na to da se portfolio objekata neprestano menja. Menjaju se broj i vrednost objekata osigu-
ranja, materijali od kojih su izgradeni, metode gradnje, troskovi popravke i dr. Posledic¢no,
istorijski podaci nisu pogodni za direktnu procenu ocekivanih Steta i premije osiguranja.

Kao odgovor na te probleme, u savremenom dobu sve znacajniju ulogu u
osiguranju katastrofalnih dogadaja dobijaju probabilisticki modeli (probabalistic risk
assessment models), kao sto su profesionalni softverski paketi poput RMS, AIR, ERN,
ARA, Risk Frontiers, RED i dr, a poneki osiguravaci ili vece brokerske ku¢e samostalno
razvijaju svoje modele osiguranja od katastrofalnih rizika. Ti modeli (softveri) rezul-
tat su rada multidisciplinarnih timova koje ¢ine eksperti iz oblasti meteorologije,
klimatologije, seizmologije, geofizike, hidrologije, aktuarstva, ekonomije i dr, koji
primenjuju najsavremenija nau¢na znanja u proceni rizika.

Po praviluy, ti modeli sadrze sledece elemente: Baza podataka o objektima,
Generatori dogadaja, Modul za procenu intenziteta stete, Modul za procenu fizickog
oStecenja i Modul za procenu iznosa Steta pokrivenih osiguranjem:

« Baza podataka o objektima (exposure database) sadrzi informacije o

lokaciji objekata, njihovim tipovima (klasa konstrukcije, visina objekta,
godina izgradnje, prisustvo podruma i dr.) i njihovoj zamenskoj vrednosti;

44 |3/2021 @) TOKOVI OSIGURANJA



J. Doganjié, M. Paunovié: Upravljanje rizicima od prirodnih katastrofa

» Generatori dogadaja su katalozi simuliranih dogadaja, koji obuhvataju
ucestalost, jacinu, lokaciju i druge karakteristike ¢itavog spektra verovatnih
katastrofalnih dogadaja. Ti katalozi sadrze desetine hiljada kompjuterski
simuliranih katastrofalnih dogadaja, reprezentujudi Sirok spektar mogucih
dogadaja;

» Modul za procenu intenziteta Stete simulira realizaciju katastrofalnog
dogadaja, za svaku lokaciju za koju se o¢ekuje da moze biti pogodena, i
simulira intenzitet opasnosti. Na primer, za zemljotres se intenzitet opa-
snosti izraZzava po skali ocekivanih potresa tla i/ili po broju i intenzitetu
pozara koji mogu pratiti zemljotres;

» Modul za procenu fizickog ostecenja simulira stepen oStecenja za svaki
objekat na posmatranoj lokaciji koji moze biti pogoden, i to primenom
intenziteta simuliranih dogadaja na portfolio (objekte) koji su izlozeni
tim dogadajima. Stepen ostecenja koji se o¢ekuje na objektima razli¢itih
tipova konstrukcije i namene izrazava se kroz simulirane raspodele vero-
vatnoca Steta;

+ U okviru Modula za procenu steta pokrivenih osiguranjem vrsi se
simulacija potencijalne visine Steta po uslovima koji su dati u ugovoru
osiguranja — deo ukupne stete procenjene modulom fizickog ostecenja,
koji je pokriven osiguranjem.

Krajnji rezultat tih softvera jeste simulacija Steta za deset ili ¢ak nekoliko
desetina hiljada stohastickih godina, za posmatrani portfelj. Ti podaci, uz bazu
podataka o objektima, predstavljaju ulazne parametre za utvrdivanje premije
osiguranja.

Prose¢na ocekivana godisnja Steta (AAL), koja se dobija na osnovu krive
prekoracenja Stete obi¢no se uzima kao mera rizika, za posmatrani broj simulacija.
Dalje, riziko-premijska stopa, pre dodatka za sigurnost, moze se utvrditi kao koli¢nik
prosecne ocekivane godisnje Stete i vrednosti objekta iz baze podataka o objektima.
Dodatak za sigurnost, za sluc¢aj odstupanja od ocekivane vrednosti proseéne Stete,
u praksi se izraCunava pomoc¢u modela standardne devijacije, modela varijance
ili, naj¢esce, pomocu modela ocekivanog gubitka. Pri utvrdivanju ukupne premije
osiguranja treba uzeti u obzir i ocekivane troskove i oCekivanu dobit.'®

U narednoj tabeli prikazan je primer rezultata stohasti¢ckog modela - krive
verovatnoce prekoracenja za pojedinacne Stetne dogadaje (Occurence exceeding
probability — OEP) i za kumulativne godisnje iznose Steta, za sve Stetne dogadaje
(Aggregate exceeding probability — AEP).

6 Jelena Doganiji¢, ,Upravljanje rizikom adekvatnosti premije u nezivotnom osiguranju’, Ekonomski fakultet
Univerziteta u Pristini, Ekonomski pogledi 1/2015, Kosovska Mitrovica, ISSN 1450-7951, 2015, str. 85-98.
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Tabela 2. Primer rezultata stohastickog modela

Verovat- Izn.os R Povratni | Verovatnoca Izn.os A Kumulativni
noca ?ojedmacne period prekoracenja ?ojedmacne iznos Steta
Stete Stete
0.01% 170.952 10000 0,01% 170.952 178.140
0.01% 151.691 5000 0,02% 151.691 159.838
0.01% 141.571 2000 0,05% 122.701 130.936
0.01% 133.451 1000 0,10% 101.167 109.357
0.01% 122.701 500 0,20% 81.644 90.336
0.01% 117.579 250 0,40% 61.882 70.270
0.01% 112.923 100 1,00% 41.887 50.470
0.01% 108.707 50 2,00% 29.353 37.623
0.01% 104.891 25 4,00% 18.941 26.176
0.01% 101.167 20 5,00% 16.429 25.800
0.01% 99.001 10 10,00% 9.306 15.002
5 20,00% 5.466 10.211
2 50,00% 1.554 3.123

Izvor: Autori — na osnovu prakse u koris¢enju stohastickih modela

V. Vrste osiguranja od prirodnih katastrofa

Adekvatna osiguravajuca zastita ublazava uticaj prirodnih katastrofa (1)
motivisanjem osiguranika da preduzmu preventivne mere kako bi platili nizu premiju
osiguranja (osiguravaci utvrduju premiju prema visini rizika, i nude nizu premiju kada
osiguranik sprovodi mere na umanjenju rizika) i (2) isplatom naknada Steta nakon
katastrofe, ¢ime se vrsi finansijska zastita oStecenih, tako da se s obnovom ostec¢ene
imovine moze zapoceti bez odlaganja.

TrZiSte osiguranja moze dati vazan doprinos upravljanju rizicima od pri-
rodnih katastrofa, podsticanjem pravilnog upravljanja rizicima i obezbedivanjem
izvora finansiranja za oporavak i obnovu nakon katastrofe. Isplata naknade stete,
koja se nakon prirodne katastrofe vr3i od strane osiguravaca osiguranim oste¢enim
licima, obezbeduje tim licima da se brze oporave, §to smanjuje finansijski pritisak
na domacinstva, preduzeca i drzavu.

Postoji nekoliko osnovnih podela vrsta osiguranja od prirodnih katastrofa:

- osiguranje koje pokriva jednu opasnost od prirodnih katastrofa ili osigu-

ranje koje pokriva vise opasnosti od prirodnih katastrofa;

- dobrovoljno ili obavezno (propisano zakonom) osiguranje prirodnih

katastrofa i
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« standardno osiguranje od prirodnih katastrofa, mikroosiguranje od pri-
rodnih katastrofa ili osiguranje budZetske zastite.

Osiguranje prirodnih katastrofa obi¢no pokriva nekoliko opasnosti (npr. poplava
i zemljotres ili neka druga kombinacija). Kombinovanjem razlicitih opasnosti od prirodnih
katastrofa u jednoj usluzi osiguranja, osiguravaci povecavaju disperziju rizika. Ali postoje
i slucajevi kada osiguranje od prirodne katastrofe pokriva samo jednu opasnost (npr. od
poplave). Pored toga, ti rizici su u funkciji velikog broja parametara i odreduju se za svaki
receptor zasebno.'” PredlozZeni su i razvijeni brojni modeli visekriterijumske analize rizika,
koji se mogu prilagoditi i koristiti za analizu i simulaciju rizika od prirodnih katastrofa.'

Dobrovoljno osiguranje od prirodnih katastrofa, kao osiguranje od jedneiili vise
opasnosti, obi¢no se nudi zajedno sa drugim osiguranjimaili kao njihov dodatak. Takvom
ponudom osiguravaci nastoje da izbegnu nepovoljnu selekciju rizika, to jest slucaj da osi-
guranje kojim se pokriva prirodna katastrofa kupuju samo osiguranici smesteni u zonama
visokog rizika, izlozenim prirodnim katastrofama. Kao primer moze se navesti usluga
osiguranja namenjena osiguranju stanova i ku¢a od pozara i drugih opasnosti, kojim se,
uz pokrice standardnih rizika (pozar, eksplozija, oluja i dr.) pokriva npr. i rizik od poplave.

Obavezno osiguranje od prirodnih katastrofa mehanizam je koji, pored
ostalog, ima za cilj i smanjenje pritiska na budzet drzave kada prirodna katastrofa
nastane. Za razvoj obaveznog osiguranja od prirodnih katastrofa (naj¢esc¢e kroz
fondove vise osiguravaca ili drzave) vezuju se brojni izazovi. Poseban izazov je da se
definise odgovarajuca uloga javnog sektora, jer takav model mora uskladiti interese
i privatnog i javnog sektora i to mora biti kombinacija u kojoj svi dobijaju. Tipi¢ni
primeri obaveznog osiguranja od prirodnih katastrofa jesu pokri¢a koja pruza Turski
fond za osiguranje od katastrofa (TCIP — Turkish Catastrophe Insurance Pool), sa oko
9,5 miliona domova osiguranih od zemljotresa u 2020 godini,' i Osiguravajuci fond
od prirodnih katastrofa u Rumuniji (PAID - Insurance Pool against Natural Disasters of
Romania), sa vise od 1,7 miliona domova osiguranih od poplave, zemljotresa i klizista.?

Osiguranja od prirodnih katastrofa medusobno se razlikuju i po tome
da li se prodaju kao standardna osiguranja — kada se pokriva vrednost osigura-
nih objekata, ili se prodaju kao mikroosiguranja — kada se po pristupacnoj ceni
obezbeduje zastita obi¢no nizeg obimaili se prodaju kao osiguranje budzetske za-
Stite. Standardno osiguranje od prirodne katastrofe je osiguranje koje pokriva Stete

7M. Kerkez, V. Gajovic, G. Puzi¢ (2017), “Flood risk assessment model using the fuzzy analytic hierarchy
process’, Progress in Economic Sciences, Instytut Ekonomiczny Pafistwowa Wyzsza Szkota Zawodowa im.
Stanistawa Staszica w Pile, 4, pp. 271-282.

8 Gajovi¢, V., Kerkez, M., Kocovi¢, J,“Modeling and simulation of logistic processes: risk assessment with a
fuzzy logic technique’, SAGE Journal. Simulation: Transactions of the Society for Modeling and Simulation
International, Vol. 94(6), 2018, pp. 507-518.

' https://dask.gov.tr/tcip/zorunlu-deprem-sigortasi-istatistikler.htm/ - pristupljeno 8. 4. 2021.

20 The Insurance Pool against Natural Disasters, “Raportul privind solvabilitatea si situatia financiara
2020 PAID, 2021, p. 3.
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izazvane realizacijom prirodne katastrofe do osigurane sume (koja zavisi od vrednosti
osiguranog predmeta), ali ne iznad limita koji dozvoljava osiguravac. Mikroosiguranje
od prirodnih katastrofa je osiguranje sa niskim iznosima osiguranih naknada (npr.
1 do 2 hiljade evra ili neka druga, relativno niska vrednost). Ciljna grupa za tu vrstu
osiguranja obi¢no su domacinstva sa niskim primanjima to jest umereno siromasna
domacdinstva (ona iznad granice siromastva, ali podlozna da, u slu¢aju neocekivanih
izdataka, skliznu ispod granice siromastva). Ciljna grupa za mikrousluge osiguranja
od prirodnih katastrofa ponekad su i mala i srednja preduzeca.

Osiguranje budZetske zastite drzave ili lokalnih samouprava od Steta koje
izazivaju prirodne katastrofe jeste osiguranje namenjeno zastiti budzeta usled
nepredvidenih isplata za pomo¢ preduzecima, stanovnistvu, poljoprivrednicima
i drugim ostecenim licima, ili usled sprovodenja neplaniranih popravki oste¢ene
infrastrukture nakon katastrofalnih dogadaja.

VI. Vrste reosiguranja od prirodnih katastrofa

Medunarodna trZista reosiguranja, kako tradicionalna tako i alternativna,
podrzana razvojem i inovacijama poslednjih godina, mogu doprineti upravljanju
rizicima kroz jacanje kapaciteta osiguravaca i kroz profesionalnu podrsku pri kvan-
tifikaciji rizika od prirodnih katastrofa. Globalna priroda medunarodnog trzista reo-
siguranja omogucava da se deo steta nastalih od prirodnih katastrofa nadoknadi na
medunarodnom trzistu, ¢cime se umanjuje pritisak na finansijski sistem jedne drzave.
Udruzivanje rizika od strane reosiguravac¢a omogucava dodatnu diverzifikaciju,
pored diverzifikacije rizika koju ostvaruju primarni osiguravaci, pruzajuci dodatni
kapacitet za apsorpciju rizika po nizoj ceni nego $to bi to osigurava¢ mogao sam
da obezbedi.”’ Kako je prethodno objasnjeno u ovom radu, ako su rizici koncentri-
sani u visokoj izlozenosti jednom ekstremnom dogadaju ili nizu takvih dogadaja,
primarni osiguravac treba da poseduje velik kapital da bi pokrio veliku nestabilnost
potencijalnih Steta. Medutim, ako su rizici diverzifikovani, kroz reosiguranje, tada
je osiguravacu za pokrivanje izloZzenosti ekstremnim dogadajima potrebno manje
kapitala. Reosiguravaci takode mogu kupiti retrocesiju za svoje izloZzenosti, obi¢no
pokrivajudi ekstremne rizike, to jest dogadaje koji imaju nisku potencijalnu frekven-
ciju, ali ekstremno visok intenzitet.

Uobicajeno je da tradicionalni ugovori o reosiguranju, koji ne pokrivaju pri-
rodne katatastrofe, imaju prioritet nad ugovorima o reosiguranju kojima se pokrivaju
prirodne katastrofe. Naime, naj¢esce se ugovori reosiguranja od prirodnih katastrofa
primenjuju na iznos Stete preostale nakon primene tradicionalnih reosiguranja, kao
$to su kvotno reosiguranje, ekscedentno reosiguranje i dr. Ali ponekad se desava

21 QOrganisation for Economic Co-operation and Development, “The Contribution of Reinsurance Markets
to Managing Catastrophe Risk”, OECD, 2018, p. 3.
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da se dogovori i primeni reosiguravajuce pokric¢e od prirodnih katastrofa ¢ak i bez
prethodnog tradicionalnog reosiguranja.

Uobicajeni oblici reosiguravajuceg pokrica za Stete nastale kao posledica
prirodnih katastrofa jesu pokric¢a koja se obezbeduju kroz Nat CAT XL (Natural cata-
strophe excess-of-loss) ugovore i Aggregate Stop Loss ugovore.

Nat CAT XL reosiguranje koristi se kada je potencijal akumulacije steta visok i
kad ovo osiguranje pokriva agregirane/akumulirane 3tete iznad ugovorenog odbitka
(layer-a), do ugovorenog maksimalnog limita. Ta vrsta reosiguranja moze se ugovoriti
za odredeni Stetni dogadaj (per occurence) ili za niz Stetnih dogadaja (per aggregate).
Per occurence Nat CAT XL pokrice Stiti osiguravaca od veoma visokih katastrofalnih
Steta po jednom Stetnom dogadaju, dok se Aggregate Nat CAT XL pokrice koristi za
Cesce katastrofalne dogadaje koji imaju nizi intenzitet.

Na primer, pretpostavimo da osiguravac pruza osiguravajuce pokric¢e svom
osiguraniku koji ima objekte na nekom podru¢ju i da taj osiguravac, radi svoje zastite,
ima i reosiguranje sa kvotom 40% : 60%, kao i Nat CAT XL reosiguranje 10.000.000
XS i 1.500.000 za dodatnu zastitu, nakon primene kvotnog reosiguranja, u slucaju
prirodne katastrofe od zemljotresa odredenog intenziteta. U slucaju da takav ze-
mljotres pogodi podrucje na kom se nalaze osigurani objekti, ve¢ina tih objekata ¢e
pretrpeti Stetu. Osiguravac ce, u okviru granica ugovora o osiguranju, nadoknaditi
Stetu osiguranicima, a deo Stete ce refundirati od reosiguravaca, prvo realizacijom
kvotnog ugovora o reosiguranju, a zatim primenom ugovora o reosiguranju kojim
je pokriven rizik od zemljotresa, do limita ugovora o reosiguranju.

U Tabeli br. 3 dat je primer funkcionisanja takvog pokrica rizika.

Tabela 3. Primer transfera rizika od prirodne katastrofe
putem Nat CAT XL ugovora (iznosi u 000)

1znos Iznos Stete Iznos stete koji za- | Iznos Stete Iznos Steta koje
Broi Stete koju pokriva | drzava osigurava¢ | koju pokriva |zadrzava osig-
u ojvora koiu reosigurava¢ | nakon primene reosigurava¢ | uravac nakon
o?i urania ojkriva (60%) primen- | kvotnog ugovora | po osnovu primene Nat
9 ) zsi uravaé | °M kvotnog | oreosiguranju Nat CAT XL CAT XL (Net Post
9 reosiguranja | (Net Pre Nat CAT) | (10M XS 1,5M) | Nat CAT)
1 10 6 4
1 0,6 04
3 7,5 4,5 3
6.500 1.500
3.000 2,5 1,5 1
Ukupno 20.000 12.000 8.000

2 Jelena Doganiji¢, “Natural catastrophe risk management’, Insurance market after Covid 19, University of
Belgrade, Faculty of Economics Publishing Centre, 2020, pp. 329-344.
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Kao i bilo koji XL ugovor o reosiguranju i Nat CAT XL ugovor o reosiguranju
moze biti ugovoren kroz nivoe (Layer-e), cime se omogucava lakse plasiranje rizika
u reosiguranje, jer reosiguravaci koji u¢estvuju u reosiguravaju¢em pulu mogu da
odaberu koji nivo rizika zele da pokriju. Ako osiguravac iz prethodnog primera kupi
Nat CAT XL ugovor sa dva nivoa (layer-a):

Nivo 1:2.500.000 XS 1.500.000 i

Nivo 2:7.500.000 XS 4.000.000,

on ¢e primiti naknadu po osnovu oba nivoa reosiguravajuc¢eg pokriéa, a
iznos Stete koju ¢e zadrzati bice jednak ugovorenom nivou odbitka (samopridrzaja)
koji je utvrden ugovorom o reosiguranju.

U Tabeli br. 4 prikazani su rezultati navedenog primera.

Tabela 4. Primer transfera rizika prirodne katastrofe putem
Nat CAT XL ugovora sa visSe nivoa (iznosi u 000)

Iznos Stete Iznos Stete | Iznos Stete | Iznos
Iznos Stete | koji zadrzava | koju pokri- | koju pokri- | Steta koje
koju pokriva | osiguravac vareosig- |vareosig- |zadrzava
Broj Iznos Stete | reosigu- nakon uravac po |uravacpo |osiguravac
ugovora koju pokriva | ravac¢ (60%) | primene kvot- | oshovu osnovu nakon
osiguranja | osigurava¢ | primenom nog ugovora | Nat CAT Nat CAT primene
kvotnog oreosiguran- |XLNivo2 |XLNivo1 |NatCATXL
reosiguranja | ju (Net Pre Nat | (7,5M XS (2,5M XS (Net Post
CAT) 4 M) 1,5M) Nat CAT)
1 10 6 4
2 1 0,6 04
3 7,5 4,5 3
4.000 2.500 1.500
3,000 2,5 1,5 1
Ukupno 20.000 12.000 8.000

Aggregate stop loss reosiguranje pokriva deo ukupnih steta cedenta (ne-
katastrofalnih i katastrofalnih) tokom perioda (obi¢no godinu dana) iznad dogo-
vorenog samopridrzaja (obi¢no se dogovara kao procenat ukupne neto premije
ili kao unapred utvrdeni racio Steta). To pokri¢e pomaze u zastiti od ozbiljnih steta
izazvanih katastrofalnim dogadajima, iako se pruZa na osnovu iskustva sa Stetama
u odredenom periodu (uobicajeno u odredenoj godini), a ne kao pokri¢e vezano za
pojavu odredenih dogadaja. Ta vrsta ugovora se koristi za zastitu ukupnih rezultata
osiguranja (pogotovo velikih kolebanja $teta), uobicajeno takode nakon primene
drugih tipova ugovora o reosiguranju.

Alternativni ugovori o reosiguranju svrstavaju se medu najinovativnija
pokrica za prirodne katastrofe koja su dostupna na svetskom trzistu danas. Prema
procenama kuée ,Swiss Re’, tim ugovorima pokriveno je oko 25% osiguranih rizika
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od katastrofalnih dogadaja. Medutim, taj tip reosiguravajuceg pokrica i dalje nije
dozvoljen u regulativama mnogim drzavama. Naj¢esdi alternativni ugovori reosi-
guranja su ILS ugovori (Insurance Linked Securities), a postoje i brojne druge vrste
alternativnog reosiguranja (poput kolateralizovanog reosiguranja) koje su takode
Siroko zastupljene na medunarodnom trzistu.

Najcesci oblik ILS-a su CAT obveznice (CAT Bonds). Te obveznice su duznicki
instrumenti uobicajeno visokog prinosa (u poredenju s ostalim obveznicama sa
fiksnim prinosom - jer ukljucuju i rizik katastrofalnih dogadaja) za kupce tih obve-
znica, smisljeni da obezbede novac za re/osiguravace u slucaju prirodne katastrofe.
CAT obveznica omogucava re/osiguravacu da prima sredstva po osnovu obveznice
samo ako se realizuju odredeni uslovi - katastrofalan dogadaj i odredena vrednost
ugovorenog okidaca za isplatu naknade. Ako se realizuje ugovoreni okidac (pokretac)
za isplatu re/osiguravacu, obaveza plac¢anja kamate i otplate glavnice odlaze se ili
se potpuno povlaci.

Transakcija sa CAT obveznicom zapocinje osnivanjem nezavisnog Entiteta za
posebne namene (special purpose entity — SPE). Sponzor (osiguravac ili reosiguravac)
koji zeli da obezbedi pokrice za svoju izloZzenost riziku od katastrofalnog dogadaja
zakljucuje ugovor sa Entitetom za posebne namene i placa premiju. SPE je zaduzen za
izdavanje obveznice i njeno plasiranje na finansijskom trzistu. Sredstva koja se prikupe
plasiranjem te obveznice deponuju se na zaseban racun i po pravilu bi dalje trebalo
da se investiraju u visoko likvidne hartije od vrednosti, sa stabilnim rejtingom. Ako
se katastrofalni dogadaj ne realizuje u periodu definisanom ugovorom, obveznice
se isplacuju u celosti. Ako se ugovoreni dogadaj dogodi i postignu se predvideni
pokretaci u ugovoru, sva sredstva se povlace sa bilateralnog racuna u korist sponzora
koji ih koristi za placanje dospelih potrazivanja. Vrednost obveznice prilagodava se
shodno tome.ZAko je ukupna Steta iz katastrofalnog dogadaja veca od vrednosti
obveznice, investitori se odri¢u svojih prava na naplatu po osnovu obveznice koju
su kupili (kamata i glavnica). Ako je ukupan gubitak od osiguranog slu¢aja manji od
vrednosti obveznice, saldo nakon isplate sponzoru vraca se investitoru.

Poslovi povezani sa CAT obveznicama vezuju se za brojne rizike, poput kre-
ditnog rizika, rizika likvidnosti, rizika modeliranja itd. Ipak, razvoj alternativnog trzista
reosiguranja pozitivno je uticao na dostupnost pokric¢a reosiguranja, olaksao ulazak
dodatnog kapitala i ublazio rast i volatilnost cena reosiguranja, koje su se istorijski
javljale posle velikih katastrofalnih dogadaja,* Sto se smatra vaznim doprinosom
ovog oblika reosiguravajuceg pokric¢a upravljanju rizicima od prirodnih katastrofa.

2 N.Tesi¢, B. Paunovic, P. Katani¢, P, “Alternative mechanisms of transfering catastrophe risks to the ca-
pital market’, Insurance Market After Covid - 19, University of Belgrade, Faculty of Economics Publishing
Centre, 2020, str. 344.

24 QOrganisation for Economic Co-operation and Development, “The Contribution of Reinsurance Markets
to Managing Catastrophe Risk”, OECD, 2018, str 16.
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VII. Zakljucak

Upravljanje rizicima od prirodnih katastrofa predstavlja veliki izazov za pojedin-
ce, preduzeca i vlade, kako u razvijenim zemljama tako i u zemljama u razvoju. Usluge
osiguranja i reosiguranja imaju vazan doprinos upravljanju rizicima od prirodnih kata-
strofa, i to obezbedenjem izvora finansiranja oporavka i rekonstrukcije nakon katastrofe.
Globalno trziste reosiguranija, tradicionalno i alternativno, pruza dodatni izvor kapitala za
ublazavanje finansijskih uticaja prirodnih katastrofa, diverzifikovanjem rizika i jacanjem
kapaciteta osiguravaca da obezbede pristupacno osiguranje za rizike od katastrofe.

Upravljanje rizicima od prirodnih katastrofa sloZen je problem i uklju¢uje
multidisciplinarna znanja. Imajuci u vidu da ne postoji jedinstvena metodologija
utvrdivanja premije osiguranja od prirodnih katastrofa, te da primena tradicionalnih,
deterministickih metoda nije odgovarajuca, u radu su razmatrane savremene me-
tode utvrdivanja premije. Premija osiguranja od prirodnih katastrofa u savremenim
uslovima procenjuje se modelovanjem i simulacijama. Putem stohasti¢kih metoda
tj. primenom teorije verovatnoce, koris¢enjem statistickih raspodela, vr3i se aprok-
simacija kretanja steta. Znacajnu ulogu ima raznovrstan softverski alat koji pruza
dragocenu podrsku stru¢njacima u odlucivanju i upravljanju rizicima.
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Insurance and reinsurance are among the key forms of financial protection
against catastrophic events. In modern times, probabilistic models have become in-
creasingly important for assessing the risk of natural disasters, and are used to create
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Natural catastrophes are caused by the forces of nature i.e. by the effects
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3 Typical examples of primary perils are tropical cyclones, earthquakes and winter storms associated with
the most severe global natural disasters causing large-scale damages. Secondary perils, such as floods,
thunderstorms, snow and ice storms, droughts, fires, etc. occur more often than primary perils and cause
less damage than those caused by primary perils, but such damages are also catastrophic. Secondary
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losses and cause the suffering of thousands of people, and sometimes tens or even
hundreds of thousands of people lose their jobs and homes. Since disasters present
a broad range of human, social, financial, economic and environmental impacts, with
potentially long-lasting, multi-generational effects, financial management of these
impacts is a key challenge for individuals, businesses, and governments. Insurance
and reinsurance, supported by a comprehensive risk assessment approach, are
among the key forms of financial protection against catastrophic events.

In recent decades, there has been an upward trend in economic losses from
natural disasters. The period of two consecutive years with the highest amounts of
damage caused by natural disasters in the world was 2017/2018, when the damage
from natural catastrophes covered by insurance amounted to as much as 219 billion
USD,* with more than a half due to secondary peril events. However, there is a big
gap between actual damages and the part of those damages that are covered by
insurance. For example, it is estimated that of the total amount of damage from natural
disasters in 2017 and 2018, as much as about 280 billion USD® remained uncovered.

Examples of insufficient coverage of damages caused by natural disasters also
occur in these regions. Thus, after heavy rainfalls caused by the field of low pressure
("Yvette”) formed over the Adriatic Sea, in the disastrous floods that affected Serbia,
Bosnia and Herzegovina and Croatia in 2014, most of the damage was not covered
by insurance. According to estimates, out of the total amount of damages caused
by that event in Serbia, which is estimated at around 1.7 billion EUR, only 2% to 3%
were covered by insurance.

The most common explanations for underinsurance of a significant part of
damage from natural disasters are the following: (1) insufficient knowledge of citizens,
but also of the state, about insurance against natural disasters, (2) lack of awareness
of potential policyholders about risk, because they still largely think of insurance as
an additional cost, (3) the perception of citizens and legal entities that the state has
an obligation to cover the damage caused by a natural catastrophe, etc. On the other
hand, insurers are reluctant to provide coverage where risk assessment is difficult
and, being traditionally conservative, they offer a smaller scope of catastrophe cover.

However, the existing gap in insurance protection can also be seen as an
opportunity for insurers to increase their sales volume that helps handle financial
difficulties caused by natural disasters. Recognizing insurance as one of the key
means of financial protection against catastrophic events, the UN, the World Bank,

perils often occur as a consequence of primary catastrophe risks (for example, fire after an earthquake),
but naturally, secondary perils may occur independently from primary perils.

* The biggest natural catastrophes in 2017 were caused by hurricanes Harvey, Irma and Maria, and in
2018 by typhoon Jebi and the Camp Fire.

® Swiss Re Institute, “Natural Catastrophes and Man-Made Disasters in 2018: Secondary Perils on the
Frontline”, Sigma 2/2019, Swiss Re Institute, 2019, pp. 8.
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GEF, SECO, G7 and many other international institutions have launched a number
of initiatives and projects in recent years. The aim of these initiatives is to provide
protection against natural catastrophes at the international, national, regional, or
individual level.

Il. Managing Natural Catastrophe Risks

The extent of damage caused by a natural disaster depends on the in-
tensity of natural forces, but also on human factors (e.g. construction of buildings,
infrastructure, etc.), and the readiness of the community in the area affected by the
disaster to effectively respond.

Catastrophic damages caused by natural disasters and subsequent crises
can happen at any time, anywhere in the world. As a guide for protection, crisis
management, and limiting of the amount of damage that can potentially occur, the
Concept of Resistance to Natural Disasters has been developed. This concept includes
synchronized preparation for catastrophic events (through the analysis of types and
severity of potential events and preparation for those events), prevention (through
preventive activities to mitigate the consequences of natural disasters as much as
possible), protection (life, health and property protection activities), response to
natural catastrophes (activities to limit the amount of damage after a disaster), and
finally, financial protection measures and reconstruction after catastrophic events,
in order to restore a normal level of activity.®

In recent decades, countries facing the risks of natural catastrophes of the
modern era have made increasing efforts to improve resilience to catastrophic events.
However, the poorer countries, which have poor infrastructure and a slow public
sector, are unable to establish an adequate concept of resilience to natural disasters.
In this regard, long-term consequences of the vulnerability of poorer countries are
inevitable, and statistics send a clear message: in poorer countries, more people
die from natural disasters than in rich countries, both in absolute numbers and in
relative terms, observed by the share of casualties in the total population. This is
explained by the fact that in poor parts of the world, extreme weather conditions,
such as floods and droughts, pose a greater danger to human life, economy, and
living conditions of entire communities.

Risk mitigation is one of the most important tools that the state can use in
managing the risk of natural catastrophes for, although the state must do everything
it can to reduce the consequences of natural disasters (for example, by banning
construction in flood zones), still, having made its best efforts toward prevention, it
must also have the ability to transfer a part of the risk.

5 Munich Re, “Natural Catastrophes 2016 Analyses, Assessments, Positions’, Topics Geo-2017 Issue,
Munich Re, 2017, pp. 12-13.
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Many underdeveloped and developing countries have limited financial
capacity to respond to natural disasters, for the following reasons: (1) they have
little fiscal space for discretionary spending, (2) they have limited capacity to raise
funds immediately after natural disasters, and (3) have relatively low credit potential.
Such countries rely heavily on external assistance and disaster relief loans. However,
such an ex-post policy can be inefficient, with unpredictable results, and also costly
if the country borrows.

One of the best ways to mitigate the risk of natural disasters is insurance or
reinsurance. This fact, even formally, is confirmed at the highest level, among other
things, by the Paris Agreement” and Sendai Framework for Disaster Risk Reduction
2015-20308 which highlighted investment in disaster risk transfer and insurance at
the global, national, and local levels as key priorities.

lll. Catastrophe Risk Assessment

Risk management in catastrophe insurance is carried out through three
basic principles: aggregation of individual risks, segregation of individual risks into
special groups, and control of moral hazard. Given the high severity of catastrophe
claims, they generally require high capital of insurers offering catastrophe insurance
services so that it can ensure a high survival rate. Reinsurance i.e. transfer of excess
risk above the capacity of the insurer to the reinsurer, stands out as a very important
form of risk management.

When insuring standard risks (which are not catastrophe risks) that are not
correlated, the total aggregate risk is lower than the sum of individual risks, because
these risks are not realized in the same place and at the same time (thus ensuring
the spread of risk). On the other hand, with the catastrophic risks, the advantages of
classical risk aggregation are lost, because individual risks are dependent (mutually
correlated) and the total aggregate risk increases. This further means that insurers
who provide coverage for one type of natural disaster through a risk pool, must
meet very high capital requirements if they do not have adequate reinsurance.
To ensure this, they must increase the insurance premium for a particular type of
natural disaster and, if this increase is considerable, prospective policyholders may
give up the purchase of that service. However, it is still possible for insurers to make
catastrophic risks insurable. The most common way is to bundle insurance of several
types of natural disasters. For example, floods and earthquakes can be covered by a
single insurance contract (insurance policy), and as long as these individual types of

7 United Nations, Framework Convention on Climate Change, Decision 1/CP.21, Adoption of the Paris
Agreement, 2016.

8 United Nations Office for Disaster Risk Reduction, “Sendai Framework for Disaster Risk Reduction
2015-2030", Third UN World Conference on Disaster Risk Reduction in Sendai, Japan, 2015.
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natural disasters are not correlated, risk pool has less risk aggregation than each of
these individual types. In addition, risk spread is achieved by catastrophe insurance
services provided in different geographical areas.

In addition to the positive effects, which are achieved by bundling several
types of natural disasters to one insurance service, catastrophe insurance has best
effects when there is segregation between high and low risk policyholders. Through
this technique, insurers reduce the expected damages, as a result of two processes.
Firstly, if in the underwriting process the insurer divides policyholders in its portfolio
into high-risk and low-risk, the variance of the portfolio results will be lower than
the variance of the portfolio in which the policyholders were not divided according
to exposure. This reduction in variability reduces the risk of losses on the part of the
insurer. Secondly, by dividing policyholders according to exposure, insurers assess
the premium more adequately, so that it better reflects the contribution of each
individual policyholder to the risk pool. Such an approach has numerous advan-
tages, whereas insured persons become aware of the costs of their risky behaviour.

The third way in which insurers reduce the level of catastrophic risks (dam-
ages) to which they may be exposed is by controlling moral hazard, i.e. changes in the
insured’s behaviour towards the property that is the subject of insurance (because
he transferred his personal risk to the insurance company). For example, the insured
person may be less interested in protecting his or her household when a flood is
imminent, because he or she knows that the insurer will compensate the damage.

Insurers apply various techniques to reduce the effects of moral hazard,
and the most common is the use of deductible. Unlike insurance against events
associated with relatively small damages, where beneficial effects are achieved by
applying a nominal (fixed) deductible, catastrophe insurance is more effective when
contracting a percentage deductible. This technique implies that the insurer and the
insured have a proportional share in the damage and that the insured has a special
interest in behaving in a way that will reduce the potential damage from the cata-
strophic event. In addition, a significant technique for reducing moral hazard is the
introduction of certain exclusions from insurance (for example, in flood insurance,
exclusion of facilities located near riverbeds or water basins).’

IV. Models for Determining Catastrophe Insurance and
Reinsurance Premium

There is no single methodology for determining the insurance premium
against natural disasters, but is generally required to be estimated on the basis of

° Jelena Doganji¢, Zivorad Risti¢, “Catastrophe Insurance — Contemporary Trends’, Insurance in the Post-Crisis
Era, University of Belgrade, Faculty of Economics Publishing Centre, 2018, pp. 275-290.
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all expected future costs related to the transfer of damage risk to the insurer or
reinsurer, with the fulfilment of profitability conditions.

Given the complexity of catastrophe insurance, the calculation of the risk
premium for this insurance is less and less performed by traditional deterministic
methods, because they are insufficient and not adjusted to this type of risk. In the
absence of representative statistics, available statistics are often used in practice
but with certain reservations, limitations, and deviations. Such data are based on
the intuition or knowledge of experts. Applying fuzzy system theory, satisfactory
solutions can be obtained in cases where there is a problem of uncertainty, unre-
liability, ambiguity, and vagueness.'® In the segment of insurance risk assessment,
it is used when there are no clear, precise, or sufficient data necessary for reliable
risk quantification. Fuzzy systems and fuzzy technologies represent a mathematical
approach based on which certain inaccurate information can be mathematically
modelled, which is the basis for computer information processing using numerous
models and types of software tools.!' The development of technologies enables the
formation of more advanced, hybrid models, as well as the application of simulations
in certain phases of modelling.

Simulations in the modelling process enable the analysis of the effects of the
application of different insurance conditions (e.g. deductible and coverage limits),
as well as the analysis of the sensitivity of the results to the application of different
parameters of frequency distribution and claim severity."

In contemporary conditions, the catastrophe insurance premium is esti-
mated by modelling - using stochastic methods, i.e. by applying probability theory,
using statistical distributions, which approximate claims experience. Some of the
continuous distributions, with a heavy tail, are often used to model the claim severity.

The probability distribution of losses, also called exceedance probability
curve, is referred to as the probability that a certain amount of damage will be ex-
ceeded in a certain period. For example, for simulation period of 10.000 years, the
highest causing loss will have 1/10.000 exceedance probability or 0.01%. The second
highest loss will have exceedance probability of 1%, etc. These probabilities can also
be expressed through return periods. Thus, the amount of damage corresponding
to a return period of 100 years has 1% probability to be exceeded during the year.
The return period of e.g. 100 years does not mean that if, for example, a flood occurs
with that return period, the next flood will happen in about hundred years’ time.

' For more details about this area see Lotfi A. Zadeh, “Fuzzy sets’, Information and Control, (8), 1965, pp.
338-353 and Hans-Jiirgen Zimmermann, Fuzzy Set Theory and its Applications, 4™ Edition, Springer, 2001.
" Vladimir Gajovi¢, Marija Paunovi¢, “Applying Fuzzy Mathematics to Risk Assessment in Insurance
Industry’, Insurance Trends, vol. 1, 2018, pp. 23-38.

2 Jelena Kocovi¢, Marija Koprivica, “An Internal Model for Measuring Premium Risk When Determining
Solvency of Non-Life Insurers’, Economic Annals, Vol. LXIll, No.217, Faculty of Economics, Belgrade, 2018,
pp. 109.
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Namely, this means that in any year, there is 1% probability that such damage will
happen, regardless of when the last similar event occurred.

Convex exceedance probability curve in lower return periods (of high ex-
ceedance probability) indicates that the average annual loss — AAL is highly depen-
dent on the values in lower return periods. Such curve is typical for more frequent
catastrophic losses such as, for example, storms or floods. Conversely, concave curve
in lower return periods indicates that average annual loss is more dependant than
losses in higher return periods. Such shape of a curve is typical for less frequent
catastrophic losses such as, for example, earthquakes.

Loss probability distributions can be formed for any geographical region,
for a specific portfolio of buildings, or for a single building.

Due to the number and complexity of risk factors, when forming the premium
tariff for natural catastrophes, the following problems must be solved:

- among numerous possible risk factors, the most important should be

chosen to become an integral part of the tariff

« subgroups of risk factors should be identified within each risk factor

« itis necessary to form an adequate model of premium calculation for risk

factors and their subgroups.™

Given the principle of personalization of insurance risk, on the one hand,
and the requirement for risk aggregation, on the other hand, probability distributions
are most often determined for homogeneous risk groups, for which the insurance
premium is subsequently determined.

Table 1 Example of risk factors that can be used to determine the premium
in insurance against earthquake and flood.™

Risk factor Example Earthquake |Flood
Geographical location - area CRESTA of high or low resolution Yes Yes'
. . . Precise latitude and longitude co-
Geographical location - detailed ordinates of the analysed location No Yes
- = Residential
Type of building « Office Yes Yes
= Wood construction
Construction class = Masonry construction
= Reinforced concrete Yes Yes

3 Jelena Doganji¢, Zivorad Risti¢, “Differentiation Premiums as a Precondition for Protection against
Premium Instability and Negative Risk Selection’, Insurance Trends 4/2011, 2011, pp. 27-31.

' Jelena Doganiji¢, Zivorad Risti¢, “Catastrophe Insurance - Contemporary Trends’, Insurance in the Post-Crisis
Era, University of Belgrade, Faculty of Economics Publishing Centre, 2018, pp. 286.

5 Itis applied, although more detailed geographic location would be more desirable.
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Risk factor Example Earthquake |Flood
= 1-2
Storeys = 3-5 Yes
= 6+

= 1941-1962
Year of construction = 1963-2006 Yes No
= >2006

= ground floor
Apartment /office location = first floor No Yes
= other floors

= Building has a basement

No or
rare

Basement premises = Building has no basement No ves
= <0.50m

Ground floor evaluation = 0.50m-1.00m No Yes
= >1.00m

However, when determining the insurance premium for catastrophic risks,
we must not ignore the fact that the usability of historical data on catastrophic
events is limited, given their small scope (catastrophes rarely occur), and given that
the portfolio of buildings is constantly changing. The number and value of insured
buildings, materials from which they are built, construction methods, repair costs,
etc. are also changing. Consequently, historical data are not suitable for a direct
assessment of expected claims and insurance premiumes.

In response to these problems, probabilistic risk assessment models, such
as professional software packages like RMS, AIR, ERN, ARA, Risk Frontiers, RED, etc.,
are gaining an increasingly important role in insurance of catastrophic events, and
some insurers or larger brokerages independently develop their own models of
insurance against catastrophic risks. These models (software) are the result of the
work of multidisciplinary teams consisting of experts in the field of meteorology,
climatology, seismology, geophysics, hydrology, actuarial science, economics, etc.,
who apply the latest scientific knowledge in risk assessment.

As arule, these models contain the following elements: Exposure Database,
Event Generators, Damage Severity Assessment Module, Physical Damage Assessment
Module, and Module for Assessment of Damages Covered by Insurance:

« Exposure database contains information of building location, types
(construction class, height of a building, year of construction, existence
of a basement, etc.) and their replacement value;

« Event generators are catalogues of simulated events which include frequency,
strength, location, and other characteristics of the whole array of probable cat-
astrophic events. These catalogues contain tens of thousands of computer-sim-
ulated catastrophic events, representing a wide range of possible occurrences;
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« Damage severity assessment module simulates the realization of a
catastrophic event, for each location that is expected to be affected, and
simulates the severity of the hazard. For example, for an earthquake, the
severity of the hazard is expressed by the scale of expected earthquakes
and/or by the number and intensity of fires that may accompany the
earthquake;

« Physical damage assessment module simulates the degree of damage
for each possibly affected building in the analysed location, by applying
the intensity of the simulated events to the portfolio (buildings) exposed
to these events. The degree of expected damage to the buildings of dif-
ferent construction types and purpose is expressed through simulated
distributions of damage probabilities;

« Within the Module for assessment of damages covered by insurance,
a simulation of the potential amount of claims is performed according to
the conditions given in the insurance contract - part of the total damage
estimated by the module of physical damage, which is covered by insurance.

The result of these software packages is a simulation of claims for ten or

even tens of thousands of stochastic years, for the analysed portfolio. These data,
along with the exposure database, represent the input parameters for determining

the insurance premium.

The following table shows an example of the results of the stochastic model
- Occurrence Exceeding Probability curve (OEP ) and for cumulative annual damage
amounts, for all loss events (Aggregate exceeding probability - AEP).

Table 2 Example of stochastic model outputs

- {-\m_o unt of Return |Exceedance _I-\mp unt of | Cumulative
Probability | individual . . individual | amount of
damage period | probability damage damage
0.01% 170.952 10000 0,01% 170.952 178.140
0.01% 151.691 5000 0,02% 151.691 159.838
0.01% 141.571 2000 0,05% 122.701 130.936
0.01% 133.451 1000 0,10% 101.167 109.357
0.01% 122.701 500 0,20% 81.644 90.336
0.01% 117.579 250 0,40% 61.882 70.270
0.01% 112.923 100 1,00% 41.887 50.470
0.01% 108.707 50 2,00% 29.353 37.623
0.01% 104.891 25 4,00% 18.941 26.176
0.01% 101.167 20 5,00% 16.429 25.800
0.01% 99.001 10 10,00% 9.306 15.002
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Amount of Return | Exceedance Amount of | Cumulative
Probability | individual . - individual | amount of
period | probability
damage damage damage
5 20,00% 5.466 10.211
2 50,00% 1.554 3.123

Source: Authors - based on the practice in using stochastic models

The expected average annual loss (AAL), which is obtained based on the
exceedance probability curve, is usually taken as a measure of risk, for the observed
number of simulations. Furthermore, the risk premium rate, before the safety al-
lowance, can be determined as a quotient of the expected average annual loss and
the value of the building from the exposure database. The safety allowance, in case
of deviation from the expected value of the average loss, is calculated in practice
using the standard deviation model, the variance model or, most often, using the
expected loss model. When determining the total insurance premium, expected
costs and expected profit should be both taken into account.®

V. Types of Catastrophe Insurance

Adequate insurance protection mitigates the impact of natural catastrophes
(1) by lowering insurance premium to encourage policyholders to take preventive
measures (insurers determine the premium according to the amount of risk, and offer
a lower premium when the policyholder implements risk minimisation measures)
and (2) by paying out indemnity after catastrophes, providing financial protection for
those affected, so that the recovery of damaged property can begin without delay.
The insurance markets can make an important contribution to the manage-
ment of disaster risks by providing a source of funding for recovery and reconstruction.
The damages paid out by insurers to the insured injured persons in the aftermath of a
disaster event reduce the financial burden on households, businesses, and governments.
Types of catastrophe insurance may be mainly divided as follows:
« Insurance covering one catastrophe risk or insurance covering several
catastrophe risks;
«Voluntary or compulsory (mandatory) catastrophe insurance and
- Standard coverage against catastrophe risks, micro disaster insurance, or
budget protection insurance.
Natural catastrophe insurance usually covers several perils (e.g. floods and
earthquakes or some other combination). By combining different perils into one

16 Jelena Doganji¢, “Premium Adequacy Risk Management in Non-Life Insurance”, Faculty of Economics of
the Unviersity of Pristina, Ekonomski pogledi 1/2015, Kosovska Mitrovica, ISSN 1450-7951, 2015, pp. 85-98.
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insurance service, insurers increase the risk spread. However, there are also cases
when catastrophe insurance covers only one peril (e.g. floods). In addition, these
risks depend on a large number of parameters and are determined for each receptor
separately.’”” Numerous models of multicriteria risk analysis have been proposed
and developed, which can be adjusted and used for analysis and simulation of
catastrophic risks.™®

Voluntary catastrophe insurance, as insurance against one or more perils,
is usually offered together with other insurances or as their supplement. With such
an offer, insurers try to avoid unfavourable risk selection, namely, event when the
insurance covering a natural disaster is bought only by insured persons located in
high-risk zones, exposed to natural catastrophes. An example is the homeowners
insurance against fire and allied perils which, in addition to covering standard risks
(fire, explosion, storm, etc.), covers e.g. the risk of flood.

Mandatory insurance against natural disasters is a mechanism that, among
other things, aims to reduce strain on the state budget when a natural disaster
occurs. Numerous challenges are associated with the development of compulsory
catastrophe insurance (usually through the funds of several insurers or the state).
A particular challenge is to define the appropriate role of the public sector, as such
a model must reconcile the interests of both private and public sectors, and must
include a win-win situation. Typical examples of compulsory catastrophe insurance
are the covers provided by the Turkish Catastrophe Insurance Pool (TCIP), with about
9.5 million homes insured against earthquakes in 2020," and Insurance Pool against
Natural Disasters of Romania (PAID), with more than 1.7 million homes insured against
flood, earthquake, and landslide.?°

Catastrophe insurance also differs in the manner in which it is sold: as standard
insurance - when the value of insured buildings is covered; or as micro-insurance -
when affordable protection is provided at usually a smaller scope; or sold as budget
protection. Standard catastrophe insurance is insurance that covers damages caused
by the actuation of a natural disaster up to the insured amount (which depends on
the value of the insured item), but not above the limit allowed by the insurer. Micro
disaster insurance is insurance with low amounts of insurance indemnity (e.g. 1 to
2 thousand Euros or some other, relatively low value). The target group for this type

7M. Kerkez, V. Gajovic, G. Puzi¢ (2017). “Flood risk assessment model using the fuzzy analytic hierarchy
process’, Progress in Economic Sciences, Instytut Ekonomiczny Pafistwowa Wyzsza Szkota Zawodowa im.
Stanistawa Staszica w Pile, 4, pp. 271-282.

8 Gajovi¢, V., Kerkez, M., Kocovi¢, J.“Modeling and simulation of logistic processes: risk assessment with a
fuzzy logic technique’, SAGE Journal. Simulation: Transactions of the Society for Modeling and Simulation
International, Vol. 94(6), 2018, pp. 507-518.

' https://dask.gov.tr/tcip/zorunlu-deprem-sigortasi-istatistikler.html - accessed on 08-04- 2021.

20 The Insurance Pool against Natural Disasters, “Raportul privind solvabilitatea si situatia financiara
2020" PAID, 2021, pp. 3.
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of insurance are usually low-income households, i.e. moderately poor households
(those above the poverty line, but prone to slip below the poverty line in case of
unexpected expenditures). The target group of micro disaster insurance services
may also be small and medium-sized enterprises.

Budget protection of the state or local self-governments from damages caused
by natural disasters is insurance intended to protect the budget against unforeseen
payments as an aid to companies, citizens, farmers, and other affected persons, or
due to unplanned repairs of damaged infrastructure after catastrophic events.

VI. Types of Catastrophe Reinsurance

The international reinsurance market, both traditional and alternative, sup-
ported by recent developments and innovations, can contribute to risk management
by strengthening the capacity of insurers and providing professional support in
quantifying the catastrophe risks. The global nature of the international reinsurance
market allows part of the damage caused by natural disasters to be compensated on
the international market, thus reducing the pressure on a country’s financial system.
The pooling of risks by reinsurers allows for further diversification, in addition to the
diversification of risk realised by primary insurers, providing an additional layer of risk
absorption capacity at a lower cost than can be achieved by insurance companies
individually.?" As previously explained in this paper, if the risks are concentrated in
high exposure to a single extreme event or a series of such events, the primary insurer
needs to have a large capital to cover high volatility of potential claims. However, if
the risks are diversified through reinsurance, then the insurer needs less capital to
cover exposures to extreme events. Reinsurers can also buy retrocession for their
exposures, usually covering extreme risks, that is, events that potentially have a low
frequency but an extremely high severity.

Commonly, traditional reinsurance treaties, which do not cover catastrophe
risks, have precedence over reinsurance treaties that cover natural disasters. Namely,
most often catastrophe reinsurance treaties are applied to the amount of damage
remaining after the use of traditional reinsurance, such as quota share reinsurance,
surplus share reinsurance, etc. However, sometimes, catastrophe reinsurance coverage
is arranged and applied even without prior traditional reinsurance.

Common forms of reinsurance coverage for damages resulting from natural
disasters are covers provided through Nat CAT XL (Natural catastrophe excess-of-loss)
treaties and Aggregate Stop Loss treaties.

21 Organisation for Economic Co-operation and Development, “The Contribution of Reinsurance Markets
to Managing Catastrophe Risk”, OECD, 2018, pp. 3.

22 Jelena Doganji¢, “Natural Catastrophe Risk Management”, Insurance market after Covid 19, University
of Belgrade, Faculty of Economics Publishing Centre, 2020, pp. 329-344.
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Nat CAT XL reinsurance is used when the potential for accumulation of
claims is high and when this insurance covers aggregated / accumulated claims
above the agreed deduction (layer), up to the agreed maximum limit. This type
of reinsurance can be contracted for a specific loss event (per occurrence) or for a
series of loss events (per aggregate). Per occurrence Nat CAT XL coverage protects
the insurer against very high catastrophe losses per one occurrence, while Aggre-
gate Nat CAT XL coverage is used for more frequent catastrophic events that have
a lower severity.

For example, let us suppose that an insurer provides insurance coverage
to its policyholder who has facilities in a particular area and that such insurer, for
its own protection, also has reinsurance with a quota of 40%: 60%, as well as Nat
CAT XL reinsurance 10,000,000 XS and 1,500. 000 for additional protection, after the
application of quota share reinsurance, in the event of a natural catastrophe from an
earthquake of a certain intensity. In the event that such an earthquake hits the area
where the insured facilities are located, most of those facilities will suffer damage.
The insurer will, within the limits of the insurance contract, compensate the damage
to the insureds, and part of the damage will be reimbursed by the reinsurer, first by
realizing the quota share reinsurance treaty, and then by applying the reinsurance
treaty which covers the earthquake risk, up to the treaty limit.

Table no. 3 provides an example of such risk cover.

Table 3 Example of natural catastrophe risk transfer
by Nat CAT XL contract (amounts in 000)

Amount of Amount of
Amount of loss retained .
. Amount of loss retained
loss covered | by insurer loss covered | by insurer
Number of Amount of by reinsurer | after the " Y
. [ by reinsurer | after the
insurance loss covered | (60%) by ap- | application of under Nat CAT | application of
contract - bylnsurer | phingauats | auota share W iomxs | ot CATAL
1.5M) (Net Post Nat
ance contract (Net CAT)
Pre Nat CAT)
1 10 6 4
2 1 0,6 04
3 7,5 4,5 3
6.500 1.500
3.000 2,5 1,5 1
Total 20.000 12.000 8.000

Like any XL reinsurance contract, Nat CAT XL reinsurance contract can be
contracted through levels (layers), which makes it easier to cede the risk to reinsur-
ance, because reinsurers participating in the reinsurance pool can choose which

66 [3/2021 @) TOKOVI OSIGURANJA



J. Doganiji¢, M. Paunovié¢: Natural Catastrophe Risk Management

level of risk they want to cover. If the insurer from the previous example buys a Nat
CAT XL contract with two layers:

Layer 1: 2.500.000 XS 1.500.000 and

Layer 2: 7.500.000 XS 4.000.000,

he will receive compensation on the basis of both levels of reinsurance
coverage, and the amount of damage he will retain will be equal to the agreed level
of deduction (self-retention) determined by the reinsurance contract.

Table no. 4 shows the results of the above example.

Table 4 Example of natural catastrophe risk transfer
by Nat CAT XL multi-layer contract (amounts in 000)

Amount Amount of Amount Amount of
of loss loss retained | Amount of of loss loss retained
Amount | covered by | by insurer loss covered .
Number R R covered by | by insurer
of loss reinsurer | after the by reinsurer R
of e reinsurer after the
. covered |(60%)by |application of | under Nat s
insurance | aoplyin uota share | CAT XL Laver under Nat | application of
contract | Y Pplying | qu Yer | CAT XL Lay- | Nat CAT XL
insurer quota reinsurance 2(7.5M XS
. er1(2.5M (Net Post Nat
share rein- | contract (Net |4 M) XS 1.5M) CAT)
surance Pre Nat CAT) -
1 10 6 4
1 0,6 0,4
3 7,5 4,5 3
4.000 2.500 1.500
3,000 2,5 1,5 1
Total 20.000 12.000 8.000

Aggregate stop loss reinsurance covers part of the cedant’s total losses
(non-catastrophic and catastrophic) over a period (of usually one year) above the
agreed retention (usually agreed as a percentage of total net premium or as a
pre-determined claims ratio). This coverage helps to protect against serious damage
caused by catastrophic events, although it is provided based on the loss experience
in a certain period (usually in a certain year), and not as a cover related to the occur-
rence of certain events. This type of contract is used to protect the overall results of
insurance (especially large fluctuations in claims), and also after the application of
other types of reinsurance contracts.

Alternative reinsurance contracts are among the most innovative natural
catastrophe covers available on the world market today. According to Swiss Re esti-
mates, these contracts cover about 25% of the insured catastrophic risks. However, the
regulations of many countries still do not permit this type of reinsurance coverage. The
most common alternative reinsurance contracts are ILS contracts (Insurance Linked
Securities), and there are a number of other types of alternative reinsurance (such
as collateralized reinsurance) that are also widely used in the international market.
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The most common form of ILS are CAT Bonds. For buyers of these bonds,
these are usually high-yield debt instruments (compared to other fixed-income
bonds - because they involve the risk of catastrophic events) designed to provide
money for re/insurers in the event of a natural disaster. CAT bonds allow re/insurers
to receive funding from the bond only if specific conditions are met - a catastrophic
event and a certain value of the agreed trigger for the payment of indemnity. If an
event protected by the bond activates a payout to the re/insurer, the obligation to
pay interest and repay the principal is either deferred or completely forgiven.

The transaction with the CAT bond begins with the establishment of an
independent special purpose entity (SPE). A sponsor (insurer or reinsurer) wishing
to provide coverage for its exposure to the risk of a catastrophic event enters into a
contract with the Special Purpose Entity and pays a premium. The SPE is in charge
of issuing the bond and placing it on the financial market. The funds raised through
the placement of this bond are deposited in a separate account and, as a rule, should
be further invested in highly liquid securities, with a stable rating. If the catastrophic
event is not realized in the period defined by the contract, the bonds are paid in
full. If the contracted event occurs and the triggers provided for in the contract are
reached, all funds are withdrawn from the bilateral account in favour of the sponsor
who uses them to pay overdue receivables. The value of the bond is accordingly
adjusted. ZIf the total damage from the catastrophic event is greater than the value
of the bond, investors waive their rights to collect from the bond they purchased
(interest and principal). If the total loss from the insured event is less than the value
of the bond, the balance after payment to the sponsor is returned to the investor.

Transactions related to CAT bonds are associated with a number of risks,
such as credit risk, liquidity risk, modelling risk, etc. Nevertheless, the development
of an alternative reinsurance market has had a positive impact on the availability of
reinsurance coverage, facilitated the entry of additional capital, and mitigated the
growth and volatility of reinsurance prices that have historically occurred after major
catastrophic events,? which is considered an important contribution of this form of
reinsurance coverage to the catastrophe risk management.

VI. Conclusion

Catastrophe risk management is a major challenge for individuals, businesses
and governments, both in developed and developing countries. Insurance and re-

2 N.Tesi¢, B. Paunovi¢, P. Katanic, P, “Alternative Mechanisms of Transfering Catastrophe Risks to the Ca-
pital Market”, Insurance Market After Covid - 19, University of Belgrade, Faculty of Economics Publishing
Centre, 2020, pp. 344.

24 QOrganisation for Economic Co-operation and Development, “The Contribution of Reinsurance Markets
to Managing Catastrophe Risk”, OECD, 2018, pp 16.
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insurance services make an important contribution to managing the risks of natural
disasters, by providing sources of funding for disaster recovery and reconstruction. The
global traditional and alternative reinsurance market provides an additional source
of capital to mitigate the financial impacts of natural disasters, diversify risks, and
strengthen the capacity of insurers to provide affordable insurance for catastrophic risks.

Catastrophe risk management is a complex problem and involves multi-
disciplinary knowledge. Bearing in mind that there is no single methodology for
determining the insurance premium for natural catastrophes, and that the appli-
cation of traditional, deterministic methods is not appropriate, the paper discusses
modern methods that could be used for determining the premium. The catastrophe
insurance premium in contemporary circumstances is estimated by modelling and
simulations. By stochastic methods, i.e. by applying probability theory, an approx-
imation of claims experience is performed using statistical distributions. Different
software tools play a significant role and provide valuable support to professionals
in their decision-making and risk management.
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