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- This paper finds that the gémma'_model provides' a better fit to the -
rainfall distribution in the Uriited States Virgin Islands, thén doesthe
more popular normal distribution model, éspeciaily for the dry months. It
-.also shows that in areas of limited Idngitudinal rainfall data, prediction
can':bé done’ Uﬁsing Shorter iainfall periods than usually the cése. Finally,
the paper applies the modeling effort to agriculture, crop insurance, and

. water resource management.



o Thi.s‘pap'e‘r is an attempt to use statistical models. toi predict ‘ra‘infall | )
- 'lpatterns in the Umted States Vlrgm Islands a mrcrochmatlc regton of
| the Carlbbean as an mput into urban water management agrlculture and
crop msurance The ‘paper describes ramfall varlablllty in the Umted .
States Vrrgrn. Islands. ‘Statistical models of ralnfall predrctlon are
exammed especnally wuth regard to therr apphcabllrty to data that reflect |
‘the pattern of ramfall |n the terntory Two statlstlcal models are chosen
and used to predrct monthly ralnfall‘vanabll:ty for selected statrons in
] th'e Unite’d States Virgin lslands. For each _station,‘. prediCtion is made of
~ the representatlve wet and dry months The models are then evaluated to .'
,determlne Wthh predlctlve model can be applled to each of thesel
_repr_esentatlve ralnfa_ll- perlods The applrcatlons of thrs modelmg effort
to urban water resource mana}gement and agrlculture are 'dlscussed
Ralnfall modellng and predlctlon are an. essentral lnput mto
, agrlculture especually in regxons of llght varrable and unrehable ralnfall |
n such reglons adequate knowledge IS rneeded of the probablhty of wet .
and dry penods because bumper harvests and lean years may depend on
lralnfall varlablllty So far however there is very llttle rellable ,
. knowledge in this area of study, especually on small subtroplcal 1slands
to be used as mputs lnto effectlve agncultural plannmg (Mllls 1984)
the Carlbbean despite the relatlonshlp between rainfall vanablllty and
product_lon levels in the plantatlon economies, .very little effort has been |
devoted t'o the role"- of‘rainfall peri'odicity on food crops. 'Th'ese crops -

. h.avef-;;_gr,o,wing_s'ea'son generally shorter than those for ‘plantation crops.



~For extens:on offrcers servmg small farmers especnally those growmg "
4food crops understandlng rarnfall vanablllty wull help in- maklng
decrsrons on’ plantmg, processmg. marketmg, and storage actrvmes so as
to ‘maximize the. farmer s profits. An __e_ffectrvemethod of ramfall
| predrctnon may also be attractlve _to xnsuranCe companies, governvments, ‘
'an’d. other agen‘cies'.invo'lved in ins»u_r_ance'p'lanningl for food crops farrners ,'
and their properties. . :

'Qa_t.a_l-_!;ﬂm_am_ﬂi " o
- Unlike the other Engllsh speaking |slands of the Caribbean, th,e u.S.

Vir'gin lslands lacks tlme senes climatic data fo’r periods before 1950 The- .

- mam sources of ramfall data for the terrntory are the Annual reports
'_Cllmatologlcal Data for Puerto Rico and rhe U.S. Vrrgrn /slands avallable at

'the u.s. Weather Bureau in San Juan and the Natnonal Chmatlc Data Center'

- Ashevrlle North Carohna The avallable data were found to have a few

."'prob‘l.e,ms,.- One was that measurements were made in mches so we were'

| ‘;f.orced' to use lnches in our data analysns. A second problem was,t.hat no data

v: we.r'e coll‘e_ct'ed torfthe territory in the years‘ 1953,an_d “1_954.. We used

fmoving .ave-rages to -interpo‘l'ate "the miss-in'g d’ata" This procedure' may. ,

'underestlmate the data for these years A thrrd was that only Dorothea on

:.’St Thomas Cruz Bay on St John and Annas Hope on St Crorx have tlme

‘series. ramfali data. extendmg for over 40 years Theretore the averages .

. shown rn table 1 were computed usmg 47 years each for Dorothea and Cruz
-A Bay, 40 years each for Cynl ng and Hamilton arrports but only 30 years

- each for Fort Mylner Annaly, East Hnll Cathermeburg, and Lameshur Bay.



A study by Court (1 969) m lsrael a semr-and country wrth marked
ramfall penod:c:ty, showed that shorter penods as httle as 15 years can
.be used successfully in rainfall predlctlon However no such study is known
to have been done in the Carlbbean Some stations WhICh were potentral
sites fo_r select_lonvon the basis of .hydrolog;cal and,spatlal.yanabnllty were
eliminated because the time series data were Ii.mit_e'd;'. or'the stat_ions had
B 'per‘iods of miSsing data "that'were too]lon'g to be uSefuI for a'.nalysis”i
| However the selected stat:ons showed as much climatic and hydrolog:cal
: varlabrhty as data avarlabrhty would permit.

mfl efhe Vlrrlln’

 The U S Vnrgm lslands located about 18° N and 65° W wath a total

.‘ - area of about 343 2 km2 , is cornpose-d prrmarrly of .three 1sland}s: St |
.Th'om'as (72.8 km2), St. ’Croix (218.4 km?)l, and St. John (52.k4m2).~ Tropical

.veasterlies from the'predominan.t trade \‘Ni'nds hring 'rnaritirne tropic‘al air -

"masses from morst hlgh pressure cells to produce orographnc ramfall

- alon.g the northern coasts. Rainfall shows a marked annual cycle with a

N peak'_'in the summer when the |n-te-rtropzcal~; convergence _»zone is dominant
m the are‘a;~«'A’-di,stinct .sveason' of '.lo'w r'ai‘n'fall ‘disting’uishes‘ the .yvin.ter

 months. S . o

" The small size of these islands limits the formation of large cloud

: m_‘asses from convectional or frontal processes. Consequentl:y-,. the annual

. rainfatl ‘on these relatively Iow'trop‘icall islands hardly exceeds 1500mm

' (Smith,'1 986). EaCh iélan‘d,howe’,ver,.has. highland ranges’ between. 300 and



4 -
| .‘600m in helght runnlng from east to west These ranges lnduce orographrc .
'ramfall from the prevalhng northeast trade wrnds SO that the islands |
drsplay a rainfall variability beyond what thelr small size would suggest
For example, on the northern wundward slopes annual ramfall may exceed
60 mches whlle on the southem Ieeward slopes lt may be less than 30
: mches (Smlth 1986) | | |

Thrs remarkable varlablllty m ramfall is deplcted m Table 1, whlch )

shows the average monthly and annual rainfalls for nine statlons in the |
u. S Vtrgm tslands These are Dorothea Fort Mylner and Cyrtl Klng Aurport
‘on St Thomas Annaly, Hamllton Alrport and East Hrll on. St. Crorx Cruz
. Bay, Cathermeburg, and Lameshur Bay on St John These stat:ons were
selected to show as much geographlc and hydrologlcal vanatrons as data |
‘ avarlabtllty would permtt Dorothea on the north srde of St Thomas ison
'_ the wmdward snde of Crown Mountam (467 m) Fort Mylner is on

Tablet ‘Mean Monthly Ramfalt for. selected Statrons (mches) Complled
by the authors. - :

'Slatron ~Jan Feb Mar - Apr May Jun Jul Aug Sep Oct " 'Nov ‘Defo - Total .~ -

- St.Thomas = - ‘ ' B . _ R R
1 Dorothea  2.68 1.74 1.97 2.93 4.83 2.90 2.98 3.68 5.51 5.71 5.12 3.04 43.09

2 C. Airport 2.00 1.47 1.76 2.76 4.28 2.88 3.11 4.18 5.53 5.52 4.70 '3.08 41.27
3 Ft Mylner256 173 229 3.40 5.64 300 326 435 5.53 6.38 6.41 4.94 -49.49

St.Crorx e - o ~ . :
4 Annaly 3-.1'0 2._15 2.27 3.43 5.70 3.38 3.67. 4.78 6.64 6.17-7.45 4.33 .53.07
- 5 C. Airport 2.21 1.95 1.75 2.62 .4.06 2.84.3.15 4.06 4.98 5.39 5.17.3.64 41.83
- 6 East Hill  1.94 1.45 1.44 222 3.87 2.47 2.77 4.05 4.30 4.59 5.16‘3.60' 37.86

- St. John . '
7 Cruz'B'ay T 2.40 189 1.78 282 493 2.94 351 4.13 521 5.31 490 337 43.19
8 -Cath’burg 313 2.09 2.49 3.62 5.69 2.99 3.81 4.81 5,67 5.93 6.64 4.72 51.59

"9 Lameshur 2.60 1.79 2.02 3.10 5.50 2.81°3.20 4.21 5.40 5.21 6.39 4.33 4656'



-{the east s&de of the |s|and tangentlal to the prevallmg north east trade‘
'.?‘wrnds whrle Cynl ng Arrport formerly Truman Freld is on the south
Ieeward srde of the |sland On the rsland of St. Croix, Annaly is on the

wmdward ‘side of Mt. Stewart (245 m), Hamllton Airport rs on the

- 'southern Ieeward side of the island, while East HrII is on the coast of the

_dry east end of the |sland On the rstand of St “John, Cathermeburg is on
the more humld wmdward srde of the rsland Cruz Bay is on the Ieeward
west coast, whrle Lameshur Bay is on the Ieeward south coast Theretore
_ion ‘each island, we have selected stahons on the windward and Ieeward

srdes and where data avarlablhty permlts statlons on the east and west

- ofthe tsland

There is m‘arked varrabllrty .|n annual ramfall from |sland to rsland,
'.""'.(Table 1) St John, whrch is the most easterly of the three |slands
averages 47. 11 mches annually for the three selected statlons
~St Thomas and St. Cro:x Wthh he further west average 2.5 to 3 mches
':.Iess with: St Thomas to the north of St. Croix averaglng 44 .62 :nches and .
'St Croux to the south of St Thomas averagrng 44 25 mches There s
- greater ann_ual -varlabrhty in rainfall within islands. On St.. Thomas, Eort
- Mylner to the east- r_eCe'ives the heaviest fallllof 49.49 inches, _D'or‘oth’ea. on
| th'.ef northern _win'dward slope receiving 43.09 inches, while Cyril King on
| ‘.,the.‘southe-rn leeward coaSt-recei‘ves 41.27 inches, giving a r'an-g'e'o.f'.6.4
~ inches tor these stations. »On the island of St. Croix, the station wtth'the

' ,heavtest_ rainfall is Annaly with 53.07 inches, while the lowest rainfall is



at East Hill vvith 3?‘86 lnche's Q’lvino a range of 15.21 in’ches | oh»' St. John -
the heavrest rainfall is 51 59 at Catherineburg, whlle the lowest is at ', |
.Cruz Bay wrth 43.19 mches glvmg a range of 8.4 lnches Thus St John
whlch is smaller in sizé than St. Thomas has more annual ramfall
_varlabrllty as mdrcated by the range for selected statlons St Croix,
.whrch is about three trmes the size of St. Thomas experlences almost
'three tlmes as much annual ramfall varrabllrty as the latter statlon as_' -
mdrcated by the range | | |
Monthly ralnfall also dxsplays marked varrabllrty, though a very
consrstent seasonal pattern is drsplayed by all selected statlons The
'heavrest ramfall months are September October and November each of
v-Wthh receives five lnches or more of rain. Atter November monthly
| totals tend to decrease gradually until February or March Wthh are the:
- ‘two 'dnest. months. Ralnfall,totals_.are about 1.79 lnches or below. for
eac‘h' ol‘ these mOnths' The lovv rainfall of theSe months.reflect 'the near;.
nbrtherly presence of the hngh pressure cells just north of the Equator'

where surface wmds are hot and diverging, and contrrbute llttle morsture "

. After March the heat equator moves north and the morst northeastern

trades begm their slow but mcreasmg dommance of the area AA‘t. all '
'statrons the month of May is usually wet compared to Aprll or June it
is also marked by extreme varlabllrty In almost all,cases, th_e coefffrcrent

of variation vexceeds 70 percent.



' Ramfall penodrcrty rs evndent also from a Iongrtudmat prof:le (f:g 1) of-
| monthly rainfalls for Dorothea on St Thomas (Mrlls and Inrama 1990) For |
the- representatrve dry month of February, only 4 years out of the 47 '.
-between 1941 and 1987 have rainfall in excess of 3 inches. Of these twol

years (1949 and 1961) precede 1964 while the other two are after 1964 -

" Years ‘having February rainfall of one inch and below are equally spaced' "

‘also between the two penods On the other hand for the wet month of
AOctober all the years with rain in excess of ) mches _occur after 1964
Therefore October ramfaH at Dorothea generally was heavrer after 1964 4,
than in the study penod precedrng 1964.

Thrs penodrcnty of ramfall ralses the questlon as to whether we
"could regard the entlre ralnfall period of the wet months as a srngle
" period for statlstlcaf analysrs or whether each of these penods IS part of
4' .a dlfferent ramfall cycle A cursory survey of Iongrtudmal ramfail

_ rndlcates that generally, the perrod after 1964 had heavrer ramfalls than |

' the precedlng penod especxally for the wet months The apparent cycllcal ‘

- nature of this rarnfall regrme will have further |mpI|catlons for our -

';modehng procedure

ggg!g'g Rarnfatl V rrablllty

The use of stochastlc modes to predlct seasonal and annual ralnfall in-

: troptcal areas has engaged the attentron of . researchers since the
pzoneerrng work in East Afrtca m the 1950 s when Mannnng (1950) fltted .

-normal densuty functrons to monthty rarnfall data As a follow up,
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. R
' Frledman (1957) as well as Hartley and Lewrs (1959) used the mcomplete
'gamma functron to descnbe ralnfall in North Amenca For the Canbbean o
Mrlls (1976) used the normal and the mcomplete gamma densrty functrons
to predict rarnfall in St.. Kitts, and showed later (Mrlls 1984) that the
incomplete gamma prowdes a better predrctlon of .the monthly ramfall
'vpattern in that Carrbbean island than does the normal drstrlbutron
The methodologlcal approach for this study is as follows ‘nine
rainfall statlons three on each island, are selected for analysrs and the
monthly rarnfalls for selected statlons are tested for normalrty so as to -
determme whether the normal densrty functuon or some other model
‘should be used to flt these data : The data for the chosen stations are
tested for normalrty usmg a procedure developed by Snedecor and Cochran
(1980) This - procedure is used to test the degree of skewness and |
'kurtosas of the dlstrlbutrons to determme whether they are srgmflcantly
drfferent from those expected in data that are normally drstnbuted
. Accordmg to Snedecor and Cochran (1980) the degree of skewness :
t.denoted by the thlrd moment about the mean rs dependent on the scale on -
.A_whrch the data are recorded In order to generate a coefflcnent of'-~
'“skewness rndependent of this scale the authors generated a functron

. denoted by g1. The samplevestlmate is glven by: -



g.I = {m3/ (m2 \l.m 2)}
- where m2 rs obtarned from ,

my - £(x- X)2
and mg from:

'_'m3.=z(x->'<)3»/_ri

I the sample comes from a normally dlstrlbuted populatron than g1 is
normally dlstrrbuted with" mean equal to' zero and standard devnatron
: (r/n) provrded n > 150 For sample sizes between 25 and 200 the
| authors provrde ‘tabled values of the one-tailed dlstrlbutlon at the p=0.05 |

and p .0.01 levels as. accurate measures of g,. ‘Therefore, lf. the_ o

“coefficient of skewness exceeds the critical levels shown in this table, -
the dlstrlbutron |s consrdered sugmflcantly drfferent fram normal for
grven values of n at the one- talled p'=0.01 and 0. 05 We shall use- thls_

E R procedure in our test of normallty

We ‘shall test the data also to determlne whether the degree -of o

| _kurtosus in the dlstrrbutlon departs sugmflcantly from what would have' ’

been expected from a normal drstrlbutron Two procedures are' -

: recommended The flrst rs by Geary (1936) who developed a value ‘a
| whrch equals the mean devuatlon drvrded by the standard devratlon lf the -

\pop-ulatlon is normally dlst.rlbuted then~ a has the value 07979 -

‘ Leptokurtlc drstrrbutrons have hlgher values whlle platykurtlc ones have'

lower values than 0 7979



o V.S_ned‘eco.r and" Cochran ‘(1,9..80)‘ have developed 'anot’her test 'of ‘ku'rtosis‘ '
. Ad‘enoted by gzjsuch that: | N
g (rn,,/ m22 - 3) | |
~ Where m4 is the fourth moment about the mean, and m, is defined as above.
For large samples exceedrng 1000, 92 is normally distributed wrth mean 0: ,'
.and standard devratron J-:'Z4/n) = 0. 219 For smaller sample size (ot 50
- to 1000) the authors developed tabled values for testing at p- values of
- 0.05 and 0. 01 The authors state that both g4 and g, are srml_lar to that
for Gearys measure as. descrrbed above. Our final step involves -fitting
observed rainfall frequencres to expected frequencres generated by a
-selected theoretrcal model The Kolmogorov-Smlrnov goodne.ss-of--flt test-
'rs applred to determrne the degree of agreement between the drstrrbutlon
' of observed rarnfall values for each statronand those generated by the
.specrfred theoretlcal drstnbutlon Mrlls (1984) applred thls method to"'
.'determrne the degree of agreement between ‘the drstnbutlon of observed
.-,rarnfa.ll values for each statlon in St. Krtts and those generated by the
speci.fied’the'ore_tioal distributron. N_ext,}each rarnfall ‘data series is
- divided into two periods. :The expected frequencies of the A"e‘.anier'-b.e'fibd -
,are'used' to oredi'ct the .observe’d rainfa'll in the‘ lat‘ter' .per-iod._,nFirlally, the
.."‘implic'ationsn:o'f this study -'for‘agrloulture 'a_.nd'urban water resburoe'

management are discussed.
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From tlme to trme vanous theoretical models have been apphed to

the predlctfon of rarnfall patterns These lnclude the normal bmomlal
i truncated normal and mcomplete gamma probablllty dastrlbutuons as well
as. the»regressron modeI.ASmce the proneenng work of Glover and Robrnson
| '(1.953'),, the}normatqistributi-on".model has been the "model'r’nost comrhonly |
used in rainfall' pred-ictiOn, probably'bec_a«uis-e the n_ormal'5di_strib:ution
function t'a_bl‘e is readily available. Another reason .may be that the riormal
distribution tends to model r'ainfall-data in hUmid. climates fairly well."
However, its-sUitab'ility' to data in drier ctimates has not been tested
fully. »tn this study, we compare_ the normal_distr'i_bution' and the
_incomplete 'gamma functions' - . |

Two fundamental assumptrons that are ‘made in flttmg an observed-
| ramfall frequency dxstrxbutlon to a theoretlcal one. Flrst mdwndual‘
_ rannual or monthly totals are cons:dered to be random selectrons from a
set _of poserble values. A random selectlon does not necessanly glve a
' good eStimate‘. of the'populatlon frequencnes but a Iarge 'number of such
'?selections'* provides”.a better fit: However, since. data of thls kmd are
hmlted a method whnch provrdes the most efflcnent estlmate of the
' populatron probabflutles from a sample must be |dent1fred

Second since avallable data hmrt us to one sample our task is to use
the sample data to estlmate the true frequency drstnbutlon from WhICh

.the sample was,denved. Thls approach is based on the’ ass,umptfon"
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that the frequency drstnbutron of the populatron from wh:ch the sample .

‘ ~was drawn possesses the characterrstlcs of a defmed mathematlcal

_model Even though mathematlcal models may not exactly repltcate the.
behavror of natural phenomena, the correspondence is often close enough
for practrcal appllcatlons |
T rm ! ri"'n | B
One mathematlcal model which is often used in screntrflcl :
appllcatlons rs the normal dlstrlbutlon Studles of monthly rainfall. |
vanabllrty in humld envuronments tend to show that the normal curve
| approxr»mates the . ramfall dlStl’lbUtlon pattern. Thus the mean (u) and _
‘standard devratlon (4) of the data present a good flt to the ralnfall
‘.dlstrrbutlon pattern and confldence lrmlts can be calculated'
;(MannrnthSO) | | |
In dry areas, however the normal dlstrlbutlon has been found |
| madequate for flttmg hlghly skewed data representatlve of such areas‘
(Barger and Thom 1949; Thom 1958 Frledman 1957) Ml"S (1984)
showed that thls is also the case for monthly ralnfalls in St Kltts ln, 4
' these cases average annual monthly ramfall tend to be low and the .
.natural Iower bound cf zero lnches becomes lmportant | Further the
) 'Iargest frequencres of ramfall tend to be close to the mean, wrth a
' trallmg off of frequenc:es toward the hlgher values Thrs charactenstlc
: of the data generally suggests a posrtlvely skewed dlstrrbutlon We do not
. present a formula for the normal dlstrlbutlon since these are- commonly

| found lﬂ many fundamental statrstrcal texts.



b) The

- The in‘comp‘liete"gamma distrib'utio'n__has been -aphlted to'-preeipitation
| ‘stu,dies under a wide range of conditions because of the rel-ativ.e'ly‘g;ood fit
' that" it prov.ides.f_ This rhathem‘atieal model had been used as a better
'approx‘imation.'td the cumulative pr_obabvil'itytof a..var_iable X, where X -
3 representsv Weekly;' monthly, or anhual_amodnt of-rand_om ra'infall'('Barger
and Thom,; 1949; >'|"ho'm, '1958). Apart from the faet that the incomplete :
| ';g‘amma function is suitabte‘ fortposi'tilv.ely skew.ed distribUtidn’s -i:-t'has-the |
added power of the exponentral distribution. which has been used for data
';whlch show ‘high perlodncrty The exponentral functlon dlstrlbutlon has
: been shown to be a specual case of the gamma functlon wnth 2 degrees of
| freedom (Fnedman and Jan es, 1957 Clark and Hosklng, 1986). |
| The frequency dlstnbutlon of the’ gamma functlon is gtven by .-

e
Fw o % 070

B

_given that x denotes the random variable which is the ambunt of rainfall.

. .Bis the scale parameter -wh'ile Y is.the shape parameter The functxon is

c posst;vely skewed wnth the degree of skewness bemg an mverse functton "

- .of B Since f (0) 0 for X < 0, then the dlstnbutlon has a lower Ilmlt of- -
. “zero but is unhmrted to the right. The cumulatlve probabmty functxon is

| licalied the mcomplete gamma functlon and xs denoted by
7-"1 ' '—x/ﬂ
X e

dx.

1w
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the parameters of whrch must be estlmated from sample data Frledman.'

and Janes (1957) stated that efﬁcuent estlmates of these parameters

cannot be made usrng the method of moments which is used to estlmate u, ,

and S. Thom (1 958) used the maxlmum likelihood procedure to estrmate, -

these parameters Followmg this procedure, the estimate of gis glven by

0-45

4 z 110 |
1+ 1+§[ln,x -;?lnX,]
g = g > 0
4 [1 x - Ly L
n - ;§ Tn X1 ]
while the estimate of B.is given by )
b .= X/g b >0

Slnce f (X 0) = 0, the model can be estlmated only ror months wlth_
ramfall greater than zero. However the model has the ‘added power that
for ¥ = 1, ‘the distribution is exponentlal wuth ordinate 1/8 at X = 0. It is
also a variatlon of X? dlstnbutlon with 2 degrees of freedom when Y. =
*l/én '-and'B =. 1 ’t is also dlfferent from the normal dlstrlbutlon ln that. |tl '
has a zero lower bound and is hlghly skewed for Iow values of Y 'lt
R approaches the normal curve asyY becomes large |

Confldence esumates of these parameters based on. thelr varlance'
: estlmates can be made on the assumptlon that the estlmators b and g are'

normally dlstnbuted (Fnedman and Jan es, 1957 Thom 1958) However
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| MI“S (1984) found that the method used by Hartley and Lewns (1959 pp 2-

3) is easier to calculate By this procedure

il

Cvar(g) = g?{(1 79629 - 1 :21163u + 0 77255u2)/n} U< 0.5772
and - | |
‘. var(g) g2{(1.00513 + O. 89538u - 0_.-3558u2)/n}, S u> '0.5‘772. '

“where u=in X - (Z1n X;)/n o
Our study uses the normal and mcomplete gamma functxons to- flt the '

- monthly rainfall da.ta for the»se-lected stations, and the Ko_lmog-or:o_v_- '
'Smlrnov (KS) pracedure is used to test the goodness_of fit.

D‘a a An i | |

Monthly ramfall data and some. parameters for Dorothea Cruz Bay,

"and Hamllton Alrport underscore the ralnfall varlablllty at these

representatlve statlons on each lsland For Dorothea (Table 2) the month.

| wnth the ghre’.atest coe_fflment o_f varlablllty is Apr.rl a relatrvely dry'ﬂs

7 monith, wh'ile Aug'ust" 'a rélatiyely' wet month has. .'the.lowest;. . Aprll also,

has the largest coeffrcnents of skewness and. kurtosrs Oc’tober' is the

-wettest month wrth the hlghest posrtlve kurtosrs whlle February has the' ]

lowe_st rainfall. - |

, 'Th‘ere‘fore for Doro-thea, ‘O-ctober isga very wet and: h_i"ghlyh.variable j. -

- month,-whjle‘l-'.ebruary is vth'e'drie,st r.nonth.: Following .’the:same procedure,
: A'th‘e.; s'a,me"months haye been se’lecte‘d.for Cruz Ba.y,' except that the dr.i'e'st. '

" month f_or Cruz Bay is 'Maroh notvFebruary.(TableG‘)- | For‘Harnilton a'iroorf
'(Tahle 4y, the representatlve months are dlfferent from those for the two ',

former statlons probably because |t is on the leeward southern shore of
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A kurtos:s coefflcxent of 1. 88 rs needed to reject the assumptzon of
: normahty at p
‘ re;ect this assumptron at p
~ Using our results the coefflc:ent of kurtosrs IS sngnn‘scantly drfferent‘f

“from what would have been expected from a normal dlstnbut:on except

- ,.pfor frve months at Dorothea ‘six at Cruz Bay, and two at Hamilton Alrport |

"Thus suggests that the wet months tend toward normahty whrle the dry~- |
'.months do .not. Our fmdmgs are that the skewness is srgnmcantly«"
~ different from what would have been expected from a normal populatnon
: Table 4. Ramfall Statlstlcs for Hamrlton Alrport St Cronx 1948 to 1987

| 4'v,(_ins).4f

. 0. 01 whxle a coefﬂcrent of 1 99 or more |s needed to

0 05 Zero |mphes a normal dnstributlon f

o March

~ June

926*.

Month Mean Std. dev. Variati_on ' "Skewness' ,'Kurto.,’sis“ T

" January 2209 1.250 0566  1.714 _ 5235°
 February’ 1953 1.369  0.701 - 2.587**  9.773*
_ March 1749 1218 .. 0.696 1.785°*  4.883%
April . 2.624  1.847 . 0704  1.562**  2.539**

May 4061 3647 0.898  1.868% 4272 ©
2845 1.952  0.686 1.449%" 2710

Cdulyt 87 1728 0545 0.878" l0.084
| August  4.001 2.037 - 0.498  1.621**  4.085"
 September 4.977 3300 - 0.663 3.224" 13495
 October - 5.135 . 2.941 ~ 0573 1.434*  3.287°*

November 5173  3.482  0.673 . 1.494* 1730

_December 3.641° 2,559  0.702 1 3.556%

**p-value < 0.01

*p-value £ 0.05



"Even the kurtosrs is’ srgnrfrcantly drfferent from what would have been‘
,. 'expected from a normal drstnbutron except for some of the wetter-
" months especrally on St Thomas and St John whrch are more humld than
. 8t. Croix. Thxs is the first substantlve :ndrcatron that a’ drfferent
- theoretlcal model may be requrred to descnbe adequately the dlstrlbutron-
of monthly rarnfall at these stations especrally for drrer months and drier :
statlons .

Since one of our purposes as -t’o’ examine which theoretical model is
better suited to ramfall data for selected months for the grven statrons a
more detarled analysrs of these statrons follows In order to te,stv the}
! strength of th'e models under varymg condmons we selected : in'o’eneral
: the two driest’ and the two wettest months for each of the three statlons _ |

one on each |sland ~The- four selected months are February, March
September and November the flrst two months fallin the dry- perlod ‘and
| 'the other two in the wet one. Table 2 indicates that for Dorothea
February and March are the two drlest months of the year Therr.
dlstrlbutlons are srgnmcantly skewed with tails to the rlght but they are
o not mesokurtlc September and November are also similarly skewed but
'appear mesokurtrc Slmrlar charactenstrcs of skewness and kurtosrs are. |
e evrdent in _the data for Cruz Ray and Hamllton Alrp_or,t in Tables_3 and 4'

-respectively.



20 '
For Hamtlton arrport Table 4 shows that the skewness for the four -

months selected and the kurtosrs for three out of the four -‘are .

N significantly dtfferent trom'what -would be expected. from a normal .

distribution Only the wettest month November, exhrbrts a level of
; kurtosrs of 1. 730 whtch IS jUSt below the 1 88 whlch is the critical value
for re]ectmg the assumptlon of normalrty Thrs shows that all months |
‘except the wettest, have degrees of skewness and kurtosis whrch are
s:gmflcantly dtfferent from what would be expected under the assumptlon |
? of a normal dlstrrbutron The wettest month drsplays a degree of kurtosis

: sugmftcantly dlfferent from normal

In order to determme whether these monthly ramfall data depart o

srgnlfrcantly from what would have been expected from a normal __

d_lstrlbutlon, the‘ KolmogoroveSmlrnov _A(K-S) test, a goodnves,s_-of-ht. test
| is' u'se‘d‘ lt 'measures the degree of agreement between the 'distribution of~ a

~ set of observed values and those of a specnfled theoretlcal drstrrbutron It~

- determines. whether the observatlons in the sample can reasonably be .

th_ought to have been dertv,ed from.a.populatron of values that -has ‘the sa_me

theoretical distribution (Siegel, 1956).
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r __,Tébre 5 '_N'ormal 'and tncbmplete-,Gamma Distrib_u‘t'ion_Sta_tisttcS for Th'ree‘
* _Selected Rain Stations. - | A _

- . - ‘sd. Shape - Scale  Maximum Difference’ -
Month ~ Mean ~ Dev. - g b ~ Normal Gamma
“ (2) (3) - (4) - (5) i (6) (7).
'(a) Dorothea: o o , . _
February 1743 1.632 - :  2.274 - 0.783 0.095 . 0.088.
‘March - 1.965 1741 1379 1.456  0.131. . 0.047
* September  5.484  2.880 . 3.252  1.686 - 0.085  0.086
November - 5.438  4.071 1.829 2972 © 0.148  0.054
. (b) Cruz Bay . A I
" February  1.885 1301 2706 0.712 - 0.080°  0.059
“March 1776 - 1507 - 1.845 . 0.862  0.144  0.081
 Septomber.  5:209  2.953 . 3373  1.544 0097 . 0.070 |
* November .  4.903  .3.150  2.606  1.881 = 0.124 0.068
. (¢) ‘Hamilton Airport - . - . - o - N
February . 1.853 1369 2,616 0746 0138 0.073
March 1749 1218 2821 0.712 0.145 0.067
- Sepiember.  4.977  3.300 - 3.668  1.357  0.154 ' 0.052
November 5473 - 3.482 25820  1.835 0471 0411

“Critical |D] for Dorothea and Cruz Bay &t p = 0.05 is 0.198.
'Cri.tical’_le‘ for Hamilton at p= 0.0§. is 0.215.
'The: parameter-,estimates for the .threes_tati'cns und_e'r,“ st.udj:/ are
- 'shoWn in table 5. The noﬂrrnal. diétribution is‘completely describedby the
: mean and standard devratron whlle the gamma drstnbutnon is descrrbed by
' g (the shape parameter) and b (the scale parameter) February and March -
'have been selected as representatrve dry months each wrth under two. j

“inches of .rar.nfatl. while September and November are used as‘



...representatlve wet months, each wath over 5 inches of ramfall - The
standard devsatlons mdlcate that the wet months have the greatest
vanabxhty of ramfall wrth November havrng the Iargest For the gamma
dlstnbutlon as g (shown in column 4) mcreases the dlstnbutlon tends to
| normality.- An mspectlon of the shape parameters measured by g and the
'ra:nfall amount: measured by the mean suggest a relatlonshlp between
them A small value of g lndlcates a symmetrlcal distribution. In generalv
there appears to be an increase m the shape parameter as the average
| ramfall mcreases | |
Column 6 shows the maxnmum absolute dlfference |D| that .results
| from companng the . observed frequenc:es of each statlon wrth expected
"frequenc:es generated by the normal dlStl‘lbUtlon functlon in the
AKclmogorov Smlrnov test All of the - maxuma in thlS column are smaller
than, the critical values of 0.198 for Dorothea and Cruz Bay, and 0.215 for' .
' Hamllton Anrport None of the max:ma lS sxgmflcant at the 0.05 level.
| ThlS suggests that the expected frequencues predlcted by thls model for
'4 these months do not depart sugnuflcantly from the actual rain frequencnes
However the values are not very distant frcm the crmcal value 'lt,,-
shorter tlme perlods are used for predlctlon, thlS model u_may not be as .
_rehable | _l o .
Cntlcal |D| values. for the dnfferences between the observed values
. and those predlcted by the mcomplete gamma dtstrlbutlon demonstrate
'.'that thls'_,dlst_r'lbutron predzcts,frequencnes that are not sngnltlcantly. U

" different from‘actual frequencies for all mont'hs for all the."s.tat_ion.s |



. 2‘3"
: . (Table 5, column 7) in addrtron the relatrve smallness of the |D} values
in column 7, when compared with those values in column 6, suggests_'
‘ ,_further that the mcomplete gamma functron predlcts more closely than
does the normal drstrxbutlon in months with skewed. and/or non-
' 'mesokurtlc drstnbutrons Graphrcal representatrons of these ratnfall k
"drstrtbutrons confrrm thts to be the case (MI”S and lnlama 1990) -
-‘Examples are figs. 2 (a) and 2 (b) fortDorothea where the gamma :
dtstnbutron model predlcts the most frequent rarnfall of 5 lnches whrle
the normal drstrlbutron model predrcts this as 6 lnches The observed
, number of years wrth 5 mches of rainfall was 14 years. The gamma model
“predlcted thlS as 7 1/2 whlle the normal dlstrrbutlon predlcted lt as 6‘
| years The tarl of the gamma model rncludes more data than does the tail

of the normal dlstnbutton

e redrctrng Futur Ramtall '

“In order to determme how well knowledge of the - ramfall pattern in.
""‘.a'n‘ earller.short perlod can be -used to predlct‘the ralnfall pattern in va
"fUture'perivod the'ralnfall"of»representative wet and dry months‘"f_or*.eachu'
) statron was dwrded lnto two penods each of’ equal duratlon The oeriods
'varted from 15 years for Fort Mylner Annaly, East Hill, Cathermeburg and |
. Lameshur Bay to. 23 years for Dorothea and Cruz Bay | We‘decrded to use. .

. nme ramfall statlons three on each lsland SO as to glve more valldlty to
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) '."our analysrs The expected frequencres wrthm class IImItS of one mch
wrthm the earlrer pertod were used to predrct the observed frequencres in

: the Iatter perlod and the Kolmogorov Smlrnov test was used to determme ~

how closely the expected frequencres compared wrth the observed. S

" frequencres in the latter perrod | o | |
Both the normal and mcomplete gamma models predrct future rarnfallvv
well at: the 0. 05 level of srgmflcance tor all months (Table 6) The“ |
" 'crrtrcal |D| values for Fort Mylner Annaly, East Hrll Cathermeburg, and
. Lameshur Bay where the perrod of predrctron was 15 years was 0 338 For .»
Cyril ng and Hamrlton Alrports where the predrcted perlod was 20 years
|D| ‘_ was 0. 294 and for Cruz Bay and Dorothea where the perlod was 23
years |D| was 0 275 - | |

A major assumptlon of our predrctron process is that the data from. ;"',

| 'the predrctor and predlcted peruods came from the same populatron In f

}other words there should be no trend or perrodrcrty in the Iongttudmal
.'_'data Where a trend exrsts in the data the central tendency and.

vanabrllty parameters are Ilkely to be srgnmcantly dlfferent and the '

o :predrctlve abllrty of the model rs drmmlshed ln order to examlne the '

| '_ influence of trend on the predrctwe abrlrty of our model the month of'

' “November for those statlons whose predrctor perrod is only 15 years was

g chosen for further analysrs November was selected because thls is a L

o month wuth notable storm actrvrty in the U S. Vrrgm lslands and our -

| 'prelrmtnary analysrs mdlcated that both the mcomplete gamma and normal |

' models were poor predrctors for the month of November at. p 0 05



" Table 6:

Kolmogorov Smlrnov Test of Slgnlflcance of the Normal and ',
’lncomplete ‘Gamma Rainfall Predsctlon for Wettest and Driest Months . ’

Confidence -

. n =‘f|5 S

10.1880

P>

20

. | |D) Valu_e Conﬁdence |D}| Value
‘Station Months ~ Normal Limits = Gamma Limits -
Dorothea February . 0.8110  p>.20  0.1061 p>.20
n=23 October ~~ 0.1878 p>20 0.1582 p>.20
' CK. Airport  February®  0.1610  p>.20 0.1730 p>.20 .
n=20 . - October  0.1880  p>.20 9.1675 p>.20
Ft. Mylner ~ February  0.0547 p>.20 01120  p>.20
n=15 . October 02918 .205p>.10  0.3156 .10>p>.05
Annaly = . February - 0.1673  p>.20  0.1760 p> .20
n=15 October 0.2453 . p>.20  0.1866" p>.20
'H. Airport  March 01197 ~ .p>20 0.1442 = p>.20"
n =20 - October - 0.1224 - - p>.20  0.1219 . .p>.20
East Hill . March = 00984  p>.20 0.0751 p>20
n=15 October ~ 0.1653 . . p>.20 0.2122 . p>.20
CruzBay - March 02170 ° p>20 02195  p>20
n=23 - October. . 0.1402  p>.20 ~0.1321 p>.20
‘Cath'burg . February =~ 0.0860°  p>.20 00708 _ p>
n=15 . October . '0.1847.  p>.20 - 0.0893 p>.20
Lameshur B, .F'ébrua_‘ry '. ij.~1'4761  p>.20 00931 o P> 20
 October 01376 o p>.20

20
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Conover (1980 pp 250- 259) provuded a test for trend m longltudlnal

| _ data using Spearman s rho, (p), or T as the test statistic, glven that.

1 - 6T
L
| nn? - 1)
‘where‘\, S ' A
- "Tz=£[R(xi5-R(vi)12-
and | .

Fl(X ) -.the ranking of longltudrnal data X;
R(Y; ) = the ranklng of the tlme penod Y

The test procedure usrng rho is theoretlcally as robust as that usmg ..
but we present the procedure usmg T. because thls requires fewer‘ '
: 'calculatlons By thrs procedure a trend exlsts in the Iongltudlnal data at'

-'the stated level if the calculated value for T~ is less than the crltlcal

value for a/2 or greater than the crltlcal value for 1- - al2, where aisthe |

alpha Alevel The null hypothesrs of no trend is, supported if the calculated :

'value of T lres between the values for a/2 and 1.- a2 (Conover 1980)

o Table 7 shows a T test for trend in the longltudmal ramfall data for
- those statlons whose predlctor and. predlcted perlod lS only 15 years "
4 These statrons are used because aur model predlcted statlons with n.> 20

h qu:_te well. Thrs may well be due to the fact that Ionger perrods of



| a7

'predlctxon tend to smooth out some of the penodrcrty in the ramfall data |
thereby satisfymg the assumptlon that all the data are from the same o
| populatton Penodtc:ty may tend to have a greater effect on predrctlon

usmg shorter rainfall penods | |
The longitudinal data for Fort Mylner. Cathenneburg. and Lameshur
| Bay show a sugnlflcant trend at p 0 05 (Table 7). Consequently, the poor.
flt of the model for these statlons may be explamed by the presence of a
| ‘trend in the longttudmal data Wthh mdlcated that the data for the two
N 'penods do not come. from the same poputat:on No trend was found in the
data for Annaly and East Hill on St Croix. Annaly, therefore represents a

'statton where the model was a good predrctor because there was no trend "

“Table 7: Test of Trend in November Rai-nfall-forSelected' _St'ation_s L

o _T-Value_1 SR Confidence Li_mits ,

Fort Mylner2 =~ - .2758 | - 025<p<.05

' Annaly_- S S . 3524 - : D p < .20
EastHil 3398 - . {0<p<20
.:-Catherineburg o . '2’8.1_6"_‘ o :‘ B | o .025<p'<. .05 -

_lameshurBay - 2858 - . 025<p<.05

1. A trend exists if calcwated value of T is.less than 2868 or greater than 6162 for n = 15.
2. |Dj critical is 0.338 ' ’ ‘ '



m the data whule for East Hill the predrctron was poor desplte the,-‘

absence of a trend m the longrtudma! data. Thls analysis shows that the- -

| presence of a trend in the data may distort the predlcttve abrllty of the
- .'model over short penods Thls is an area for further study. |
'ln. sum‘mary, “this study shows that the g'amma densityv function
proy‘tdes a .bvetter fit to the'monthty raintall.data for the U.S. Virgin
| .‘Isla“nds than do'es "the pobular normal density function This is su;pp:orte.d .

by the fact that the gamma curve fits the ‘data more closely than the_’

- -normal densrty functlon especnally for the dry months In addmon- the_

'calculated |D| values from the Kolmogorov Smlrnov dlstrlbutlon are i'n

general smaller for the mcomplete gamma than for the normal |

'distributron Where there is no srgnmcant trend m the Iongrtudma! data -

the gamma model predrcts future rainfall equally weIl tor most months
However for statlons m whlch the study and expenmental perlods are 15
' years each and where there isa trend in the data the models are poor”‘
'predlctors especnally for very wet months wuth notrceable storm actlvnty
Where .there IS no sagnlflcant trend in the data as assumed by theory,:
short penods of predlctlons as Iow as 15 years provnde as robust al
.predrctron as Ionger penods of tlme This is a crucral fmdmg not only for
.the Vrrgm lslands but also for other Canbbean |ocat|ons where rainfall

records may not be contmuous for the standard 50-year period.



The USDA TR55 study of 1986 stated that for the U S. V|rg|n lslands,

':droughts would have a senous tmpact on farmlng and dalrymg actrvntles .

, on urban water supply, and the general economy The sslands have no large

" rivers or reservorrs. Consequently even a few months of drought can be
damaging, and especially there is the.pr_oblem of retaining suffrc:ent soil
'moisture to'produce crops that are otherwise suited to the soil and
" ,cllmate The study also mcludes for the nine stations under study, some -
‘hydrological - characterlstlcs Wthh have rmplrcat:ons for agrlculture and

- water resource development in regxons surroundmg the selected ramfall

E statlons These charactenstlcs are used to hlghhght the lmpllcatlons of

- our modelmg efforts for agriculture and munncnpal water supphes '

| gp ggt:gn tg urban Water Su_ggly

ln areas where munlc:pal water lS in short supply, it'is lmportant for

,water englneers to know how - much rain to antlcnpate over a given penod
.' The frndmgs above suggest that the mcomplete gamma model would be a
.rellable lnstrument to predlct the volume of rain that wrll fall, and from
. that it is possrble for them to estlmate the amount that would collect in
;che aqunfers Thls appllcatlon is partlcularly slgnmcant in lsland
.' envnronments partlcularly those wrth dense populatlons |
Hydrologlcal analysrs shows that apart from Aqurllsa Frendensborg- ..
y Slon Sorl Assocratlon in central St. Croix Wthh develops over llmestone
| - most of the |slands have very poor aqunfers made of volcamc rocks The :

,steep slopes and poor aqwfer development ||mxt permeablhty of raln ina



 24-hour .period to ,m’ax’imum" of 'svl':i-ghtly' above 6 inches. - Using c‘urve N
:n.umb"er a‘na_lysis‘for the stations as ‘presented in USDA TR 55 mentioned

Vabove,. we' find Atha‘t on average, much. of the'rainf‘all .esc'ape,s as run-o'ff,
fro'm a low of 36% for Hamilton Airport to a high of 63% for Annaly on
St; Croi‘r(.- ‘This situation is exacerbated by the fact‘thatv fsince more,rain
falls by day than by night in the USV.I,' evapotranspir‘ation exceeds monthly - _.
. rrain-fall espeCially in the dry months (USDA TF‘R'“55 1986) These Very pofor" |

hydrologrcal condltrons rndrcate that in a terrltory where 80% of the

res:dents depend on rainwater, prrmary attentron should be paid to mass o -

'rarnfall collection techniques for urban water resources, especrally as
. potentrals for development of wells are generally moderate to low over
most srtes Even well water has been shown to. contaln numerous |
contamrnants from anrmal and human wastes septlc tanks sewage, poor -
yse’al.l,ng of wells, bacte_rra, and seepage from sea. water (Canoy, ‘et al._,-“ |
1985). | | | -
| T’he mo'.s-t popular,source of urban water supply.forlr’esidential use is
o cisterns l—lowever‘ cisterns are 'expe‘nsive to construct (Smith,' 1986), and”
-may contaln serlous contammants (Ruskln and Callender 1988) Even
plpe borne water from desallnated plants has been found to contarn a high

amount Of bacterla and chemrcal contamlnants Grven these srtuatrons

. our study would suggest that efforts should be made to reduce runoff and

o rncrease ‘the- recharge of “aquifers’ by dlggmg mfrltratron trenches or

' mjectron wells Methodsof rooftop, collection and__storage t:hat'are -

cheaper .than*cr_sterns,should be explored. Bu‘t"most of all, the most
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" ‘, ’c‘ost?e‘ffecti”ve wa'y of co'ntr'olli.ng‘peak:.discharge of rainfall is .the‘
,burldmg of hlllSlde catchments to serve large urban clusters (USDA TFl 55
'1986) The volcanlc rocks and clayey solls would llmlt water loss by |
'seepage to the barest minimum, espec1ally since the water table in most

plocatrons is within 10 feet of the valley bottoms USDA TR 55 (1986) and

o 'Canoy et al. (1985) showed that thlS method had not been used widely in

Puerto Rlco ‘and the Vlrgm Islands We recommend that government'
explores the possnbllrty of constructlng Iarge hrllsnde catchments to
*remedy the already crucral water supply s:tuatron ‘in the terrrtory
: Hllls1de catchments have an added advantage that they flt a varlety of site
condltlons and can have multlple outlet splllways Effectrve locatlon of
| A .hlllsrde catchments may serve hotels and |mpact tourlsm by reducrng

‘ -dependence of hotels on hauled water

‘ 'A_p‘pllgatlgn to Agriculture o

Our study has potentral for agncultural development in the terrrtory, _
. tespecrally on the |sland of St. Cronx where most agncultural activity is

«'camed on given that over 70% of St John is natlonal forest and most of

C st Thomas is not cultwable The average ramwater |n a 24- hour perlod '

- permeates up to less than six lnches of the sorl and hence available’ water,
g _'capacrty in one inch of sonl is below 0.20 lnches (USDA TR 55, 1986)

| except in the llmestone and marl formatlon underlylng central St Crorx
- and the Hamiiton Alrport Steep slopes and clayey sorls llmlt permeablllty
.whrle potentlal for wells is: largely moderate Hydrologlcal condltrons are

N ’generally poor ‘except on tlatter land Ilke those around the alrport whrch lS



| _not used for cultwatron The hrgh potentral for drought and the lnadequate
ralnfall mrnrmum for many craps thereby necessrtatrng rmgatzon.
(Navarro. _1987) indicate. that alternatlve water collectlon systems should; .
be developed for agrlculture ‘We suggest that large water retentlon
, basms be built in agricultural areas because these are the best method
""vfor collectrng water at perrods of peak dlscharge lrrlgatlon channels. can
be led fro.m these basrns_for cultrvatlon and dairying activities. 'These ‘
retention basins are found to be cheaper thanwells and ot-her me‘thods
| (USDA TR 55, 1986). " | |

" AB for Crop Insuranc | |
" Farmers run the risk of adverse condltlons some of Wthh are outsrde .

: thelr control One of these nsks is assocuated W|th chmate and weather '-
- Floods or droughts may produce negatrve lmpacts on the sorl and crops
'For example a study by Schraufnagel and Klemme (1989) in Wlsconsm
_'showed that the causes of crop Ioss to farmers were. drought (52%) )
| excessrve mousture and floods (29%) and hall (3%) Ot.hers were msects,.
plants dlsease hall ‘wind, and frost. A ma]or way to indemnify farmers
agamst potentlal crop loss is through crop msurance whrch in the above
| Wisconsin study pald an amount equal to 0 73 to 2.6 times the farmers
o premlum between 1985 and 1987. |
; To our knowledge no comparatrve study has - been carned out for the.‘
Unlted States Vlrgln lslands even though the terrltory |s covered by the
same crop lnsurance programs that cover farmers on the mamland US.A.

Commercnal Hail'and Flre |nsurance (H/FCl) covers a certaln percentage of



the farmer's losses whl!e Mmrmum Percentage Crop lnsurance (MPCI) pays

- the drfference between an estrmated mlnlmum yleld per ‘acre and the o

' lnsured quantrty It is customary for farmers to buy crop insurance not in

~ isolation, but along wnth other insurance for homes cars, boats and even

life insurance A reliable predrctron of the ramfall on these and. other

Alslands will assast agencies mterested in provndmg crop msurance to make

.' decrsrons regardmg pollcy objectlves goals and pnces

| ln the former and current British Caribbean, plantatron crops have
had and contlnue to have, the beneflt of crop insurance. Thrs was also the
case in the U S. Vlrgln Islands before the sugar mdustry was abandoned m‘ _
1966 McDonald (1980) stated that crop msurance |s crucral for regronal

A eoonomtc growth ln the Carlbbean Most of the farmers throughout the -
reglon are small scale producers whose crop productlon and productwrty '
are subject to the vagarles of the weather pnmarlly rain. In years when

- there is Ilttle or no ralnfall durlng the growmg season Ioss of both crop-

and Irvestock may reduce the farmer s income. ThlS study provndes a basrs.“

~ for some: crltlcal mformatnon that is necessary in the development ofan

_equrtable msurance program for small scale farmers It rs a relatlvely

' "easy matter to determme ‘how many years out of 10 say, that a farmer ln —

a partlcular area can ‘expect to have good crops lf agronomlc condmons -

determme that one inch of ram in three successive: months is requrred for ,
_ voptlmum crop. growth then our model can predlct the |Ike|lh00d of
‘recelvmg that quantrty or less of ramtall Slmllarly, the method can ‘be
extended _to ~-p_redlct the llkellhood- of any combmatxon of ralnf.all amounts

over any number of months.



. “Studies. of monthly rain‘falll re‘c‘;uirements for food crops have oeen |
e Idone\.in.the U.S'...V"irgin ilsla'nds only for tomatOes (Navarro, ‘1‘9“87‘);. From
" this smdy, we estimate that the Ro’yat Rico Variety' of tomatoes requires a.

»v monthly ramfall of approx:mately 3.75 mches durmg the growang season
while the Tropic varlety requrres approxrmately 4 mches per month for

| "maxrmum yreld | '

Grven these ramfall requnrements to tomatoes we use our modelmg :
| procedure to calculate the probabrlltresot havmg three and four mches or
- more of rainfall at our rainfall statrons Smce the Kolmogorov-Smrrnov
| test mdrcated that both normal and mcomplete gamma models performed

'weI! in ramfall prednctron (Table 6) both modets are used to calculate.-

o these probabrhtres

" Table 8: - Probability of Three Inches or More of Rain at Selected

~ Stations for Representative Dry and Wet Months

Febmany (O Oclober (Wel)

‘RainStation- ~~~ * Normat  Gamma - Normal Gamma
‘Dorothea_ o 0.3429 . 0.2890° . 0.9421 ~ 0.9613
© Cyril King Airport .= - -0.2331 0.1931 0.9236 - 0.9510
Fort Mylner .- . 0.3567 . 0.2880 '0.7853 - 0.8251
~ Annaly. 05017  0.4327  °  0.9501 . 0.9229
. ‘Hamllton Alrport" ~0.4158 0.3250  0.8775 ~ -0.8784
East Hill* . 0.2764 0.2032 . 0.7752 . 0.7989
- 'CruzBay* - 0.2060 - 0.1723 - 0.9033 . 0.9184
‘Catherineburg ~ 0.6530 ©0.5105  0.8182  0.9105

Lameshut Bay ~ . . 0.4142 - 0.3598  0.8665 - 0.8965

- *The driest month is March, not February.



. | For the dry month of February, both the normal and gamma models
. predrct that Cruz Bay has the lowest probabullty and Cathermeburg has the :
"A hrghest probabrlrty for ramfall in excess of three rnches as requrred by
the Royal Chrco variety (Table 8). The ‘ho'rmal model shows that at Cruz
‘_Bay only 2 years out of 10 will have February rain of 3 mches or more,
B 'whrle the gamma model predrcts that as 1.7 years in 10 For
-Catherlneburg, the normal drstrrbutron model estrmates thrs as 6. 5 years
in 10 wh:le the. gamma model predlcts thrs as about 5 years in 10 For all
.stations, the predicted probabrlrtres for the mcomplete gamma model are
lower than those of the normal drstrrbutron model For October the wet
month these probabllmes show that the Irkelrhood ot Ootober ram in
. excess of 3 mches varies from 7. 7 years out of 10 at East Hrll to about 9 6 ':
vm 10 at Dorothea Though the actual probabrlrtres vary from rsland to
|sland we fmd that stations such as Cyril King Arrport Hamrlton Arrport -
' and Lameshur Bay, on the leeward srde of the rslands not only have lower
.ralnfall totals ‘but also have lower ramfall probabllrtres than Dorothea
| Annaly, and Catherlneburg on the northem srde |
| The-lrkehhood of havrng'4 inches or more of rainfall l's much‘ Iower‘ )
'than that of havrng 3 rnches or more especrally in the dner months
' f(Tables 8 and 9) For the dry month of February, the normal drstrlbutron
. model predrcts that the hkelrhood of 4'inches or more of rarnfall is less
than 1in, 10 years at all statlons except Annaly, Hamllton Arrport and .
Cathermeburg The gamma model provrdes a better frt from a low of one

’ m 50 years at Cynl Krng Arrport to a. hrgh of about 1 in 10 years at,



- T |
Annaly For October a representative wet month, the predlctsons range »

from 6 out of 10 years at East Hill to about nine out of 10 years at Annaly

'-Table 9" ' Probabrlltres of Four Inches or More of Rain at Selected

. Stations for Representatlve Wet and Dry Months

Rain Station - - Normal Gamma Normai Gamma’
Dorothea 0.0727 - 0.1020 ' 0.8597 10.8460
‘Cyril King ‘Airport ~ 0.0152  '0.0223 0.8331 0.8247.
- Fort Mylner - 0.0948 0.1021 0.7077: 0.6856
Anpaly - 0.1658 0.1572 -  0.8637 0.8841
" Hamilton Airport*  0.1858 . 0.1415° - 0.7697 0.7855
‘East Hill* -~ . -~ - 0.0639 0.0592 ' 0.6370  0.5905
- CruzBay* - . 0.0189 . 0.0324. - 0.8016 ~ 0.7690 =
‘Catherineburg - . 0.4201 - 0.1524 ~ ~  0.7477 . 0.7959
Lameshur 'Bayi- .. 0.0730 . © 0.0812 - . 0.7648 .  0.7428

» 'The dnest month is March not February

These frndmgs mdxcate that lrrlgatron is neoessary to supplement |
_’ramfall for the growth of tomatoes in the dry months ‘They also showA‘
‘that based on these rainfall probablhtles dlfferent parts of the lslands
. would have dlfferent trrlgatlon requ:rements for tomatoes Therefore a
a study llke that of Navarro (1987) is only locatron specrflc and needs to be‘. |
_ repeated for more agrlcultural areas on the. lslands SO as to’ denve more.
: reallstlc lrrlgatron needs The amount of crop insurance. could be welghted
by the probablhty of dry years at each locatton so that an equrtable crop -

~msurance pOllCY would be one that |s spatlally dn‘ferentlated The



37

.prohabilit’ies"mey ‘rep'resent lower and upp_erlin'llts. of weig;hts used' to
calculate a’ltpropriate crop insurancs. | | :

In conclu'sio'n,v-this study shows that in areas where municipal water
is in short supply, the garn'ma model is a‘relieble'instrument for pre‘dicting
- the volume of ram which wull fall and from that estimates could be. made
: .of the amount of water that could be collected at vanous points in the

te_rntory. A The study also provndes a.useful ‘mput into agnculture by
pr.o.vidi‘ngt.a method‘ology for estimatinlg .‘th‘e-likelih‘ood of wet and d‘ry
-months, at specific. 'lOCatlons for specific crops Once the morsture
requurements for specrflc crops dunng the growing perlod are. known then
| this procedure can be used to calculate the probabllntres of meetmg these
"mrmmum mo:sture requrrements durmg the growmg perlod Such flndmgs
wull prove useful for any. programs WhICh are des:gned to - provrde the

'_muc_h,needed crop msurance__to food crop farmers in the terrltory.
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