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Abstract: To reduce the negative consequences of extendesedspns, particularly on islands that have rekliviow
annual rainfall and depend primarily on rainwatearvesting, there is need for a better understandifhghe drought and
dry season hazard and the factors that influeneeistands’ vulnerability to this hazard. This pap@ralyses dry season
rainfall for the Grenadines and proposes a new meéttogy for measuring the severity of dry seasankdroughts for the
islands. The proposed severity index is based enwll-established, standardised precipitation xd€he application of
the new index to dry seasons over past 80 yeamssstiwat the 2009/2010 drought was one of the worte history of the
Grenadines. The results also show that in thedastide dry seasons are becoming more pronounced.
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1. Introduction and perceptions (Bureau of Meteorology, 2012).

The Grenadines, in the Eastern Caribbean, experienc®rought is not simply low rainfall, as the use atk a
two distinct seasons—a dry season that normalljnseg definition would result in classifying the Grenaetn
in January and lasts for as long as 6 months; aaéhygt when compared tp the main islands of St. Vincent or
season from June or July to December. As thesedsla CGrenada, to be in almost perpetual drought. In the
are dependent on rooftop rainwater harvesting (RRWH Grenadines these prolonged, abnormally dry perads
for a significant portion of their water supply,rjpels of  last for more than a year and have a return paridito
low rainfall create high anxiety among islandershey 6 years.
below average rainfall is experienced during eittter While regular, severe dry seasons, and to a lesser
dry or rainy seasons, islanders can experiencerseve €xtent droughts, have been experienced in the fBaste
water shortages. Until recently, the impacts of dryCaribbean, the abitlity to manage and adapt to such
season have not been systematically recorded a@vents inthe region has not been well developlts i§
islanders have, over the vyears, developed goodpartly due to the ab.sence of research on the ardryal
mechanisms to cope with the shortage of drinkingewa S€asons that sometimes are extended into droteyfds;
during the dry season. During extreme dry seaséms | ON the management of these occurrences in the
in 2009/2010, water has to be barged from the mairf-aribbean. To reduce the negative consequences of
islands of Grenada and St. Vincent, to the Grereadia ~ €xténded dry seasons, particularly on islands hiaze
supplement drinking water supplies (Peters 2012p T re!atlvely low annu_al rainfall ar)d depend primaridwn
cost of water can be as much as US$38.0Qmeters, rainwater harvestlng, there is need for a better
2012). Further, the impact on agriculture, due he t Understanding of the drought and dry season hazaid
drying up of ponds and low yields from wells, réstih the factors that influence the islands’ vulnerapito this
a loss of livestock, and low crop vyields (primariigrus, ~ hazard. When a dry season or a drought occurs, the
breadfruits, and coconuts). During severe dry semaso Public is generally interested in the duration oft
the island has lost up to 30% of livestock (Govesntn  drought, the magnitude of the water deficit and the
of Grenada, 2000). amount of rainfall that is needed for the returmoomal
Droughts are distinguished from other natural conditions. Sl_Jch information _is useful where it is
hazards in that there is slow-onset of the hadarthe =~ Necessary to improve the quality of local and matio
islands, the annual dry seasons, which may havéésponses to the dry seasons in the Grenadines.
characteristics of droughts, must be differentidresn ~ However, a better classification of these dry seaso
actual droughts. Drought must be considered aivelat based on an appropriate index is needed. _
rather than an absolute condition (WMO, 2006). The 200_9-2010 drought in the Caribbean heightened
Meteorologists monitor the extent and severity of the interest in drought and drought managemenhet t
droughts in terms of rainfall deficiencies. National and regional levels. It exposed severe
Agriculturalists rate the impact of droughts onnpairy deficiencies in the region’s ability to cope wittodght
industries; hydrologists compare ground water kevel (Farrell et al., 2010). Trotman and Farrell (2010)
and sociologists define it in terms of social exptions ~ described an initiative for assessing drought irpaad
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developing an early warning system for the Caribbea States of America have been developed since thg ear
Peters (2012) proposed a drought monitoring toottfe 1900s (Heim, 2002). These traditional indices hasen
Grenadines. The tool is based on monthly rainfallused to measure how much precipitation, for a given
measurements on the islands to establish relafjmmsh period of time, has deviated from the historically
between rainfall deficiency and a projected seyeuit established norms. Although none of the major ieslis
water shortages at the households’ RWH storagénherently superior to the rest, in all circumstegcsome
facilities. The information can assist government a indices are better suited than others for certapsu
households to assess the current water situatierelty  (Hayes, 2007). In the United States, the Palmeuhb
providing an early indication of the need for cagéncy  Severity Index, PDSI had been used to trigger dnbug
action or water shortage relief. relief programmes (Palmer, 1965). The derivativeéhef
The on-going research in the region to improve thePDSI, the Crop Moisture Index (Palmer, 1968) isduse
understanding and monitoring of rainfall extremergg  identify potential agricultural droughts. The Suda
is critical to the region’s initiatives in develogi  Water Supply Index (Shafer and Dezman, 1982), which
adequate adaptation and mitigation measures to aoombrepresents water supply conditions unique to a@quear
the impacts of climate change. These researchtefioe =~ watershed, was developed to incorporate both
generally based on using climatic information, nlgme climatological and hydrological features into aghn
rainfall, to establish drought indices. It is alegportant  index value resembling the Palmer Index. The Keetch
to understand how climate change is impacting @ th Byram drought index (KBDI) (Keetch and Byram, 1968)
nature of dry seasons. was designed specifically for fire potential assesst.
This paper aims to contribute to the general resear The KBDI is a continuous reference scale for edtimga
efforts by analysing the distribution of annual low the dryness of the soil and duff layers. The index
rainfall in the Grenadines and by proposing a newincreases for each day without rain (the amount of
methodology for measuring the severity of dry saeaso increase depends on the daily high temperature) and
and droughts for these small islands. Dry seasoerisg decreases when it rains.
is an essential component for presenting a  The Standardised Precipitation Index (SPI) (McKee
comprehensive picture of the changing nature of dryet al., 1993), which could be computed for diffe¢rime
seasons, particularly in an era of climate changescales, can provide early warning of drought anigh he
Further, it can be used to classify dry seasonthén assess drought severity, and is less complex than t
islands and can be used to map the impacts of a dri?DSI (Hayes, 2007). Vicente-Serrano et al. (20123
season to its severity. The proposed dry seasarigev global assessment of the performance of different
index would be based on the well-establisheddrought indices for monitoring drought impacts, fdu
standardised precipitation index (Mckee et al.,3)%hd  that the SPI drought indices had superior capgbilit

uses precipitation data from the Grenadines. compared to the PDSI. However, the Standardised
Precipitation Evapotranspiration Index (SPEIl) was
2. Drought Indices recommended instead of the SPI where the resparfises

In continental regions of the world, where there isthe variables associated with droughts are not knaw
comprehensive weather and climate monitoringPriori (Vicente-Serranoet al., 2012). In the Caribbean,
infrastructure, policy makers and relief agencias rely ~ the SPI is currently used by the Caribbean Instioft
on several tools, including satellite-derived droug Meteorology and Hydrology for monitoring drought in
indicators and maps, in their decision making. Dy the region (CIMH, 2012). o
indices are the integration of one or more climate N an attempt to improve the results from individua
hydrological variables (e.g., precipitation, temaiare,  indices, Balint and Mutua (2011) proposed a nevexnd
soil moisture, streamflow and groundwater levels)ao that combines six different established indices and
quantitative scale (Steinemann et al., 2005). Assent  reported good results in clearly identifying prawso
there are two broad groupsf drought monitoring droughts in parts of Africa where drought data were
methodologies--(a) indices based on water balancébsent. _'I_'he incremental benefits from the add|t_|o_na
calculation; and (b) statistical indices based omet Ccomplexities are however not clear. Byun and Welhit
series analysis. The water balance methodologyineju  (1999), in discussing weaknesses of current indices
application of several climatic and physical vatéabat a ~ noted that defining the period of the water defisit
given time and space with the final goal being toimportant because the time when the water defesiop
determine the water deficit of the crop. On theeoth began and how long it lasted are critical to theelef
hand, statistical indices are based on one or mrwlyy ~ 'MPAacts. _ o o

two parameters, which are rainfall and temperature. ~For many small islands, existing drought indices ar
When rainfall is the sole parametefmast all current ~ Ofteén not appropriate for monitoring or describsgyere
statistical drought indices use a simple summatibn dry periods and droughts. The water balance methods
precipitation. are far too complex and require a large quantitg an

At least thirteen (13) drought indices for the l@dit Many types of data that are not available. Onother
hand, while the statistical indices may be more¢asle
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for small islands as they consider only one or two2012) with Microsoft Excel.
parameters, they do not consider the persistendheof Dry seasons were also analysed using the persistent
stress periods.Also statistical indices requireticoous  deficit precipitation as described Barlow et al.(2006).
data observation, without gaps, which are is albélan A deficit occurs when the observed monthly-average
many small islands. In considering some of theprecipitation falls below the long-term median \v&ht a
challenges, Alley (1984) and Olapido (1985) given location. Asevere dry season occurs whibe
recommended the use of only the precipitation diata number of consecutive months of precipitation dsfic
the purpose of the meteorological use. Using onlyexceeds a threshold set at 75 percent of median (by
precipitation data is suited to locations whereeotthata  calendar month). In this study the number of months
are not always available, and where the most impbrt considered were 2, 3, and 4. Another configuratias
use for a dry season (drought) index is in theconsidered by taking 6 consecutive months in witeh
management of water supply from rooftop rainwaterthreshold was exceeded in at least 4 of these month
harvesting.

For data scarce locations, it is important to debec 4. The nature of dry seasons in the Grenadines
develop an index that can meet the specific needs a The most widely used definition of dry season for
available resources. This approach is particulsdyed  tropjcal climates is based on the Koppen Climatic
and advantageous in the case of the small islamishw  cjassification (KCC) (Peel et al., 2007) which de§ a
are dependent on rainwater harvesting (RWH) andyry season month as one for which the averageatbisf
monthly rainfall is the best rainfall data set dafale. An  |egs than 60 mm. Like most Caribbean islands, the
index based on such data restriction would havéein  Grenadines experience an annual dry season during
use. For example, it would be inappropriate for january to May. However, a dry season may stalieear
determining soil moisture deficiency in agricultuset  than January and/or end later than May with varying
would be more suitable in determining water reseurc gegrees of drought-like conditions. The rainfalkidg
deficiencies in reservoirs or other sources whicd a g average five-month dry season is about 26% @f th

affected by the amount of longer-term precipitation annual rainfall. Table 1 shows the average andrmuni
total annual rainfalls for dry seasons of different
3. Methodology durations and starting periods for the Grenadimes.

Annual dry season rains were analysed for differentanalysis of rainfall records for the Grenadinesishthat
starting months (December, January and Februany) anthe driest continuous 6 months had a total raindéll
different durations to obtain the mean dry seasonl25mm and occurred during December 2002 through to
rainfall. Further, the annual dry season rains viitted May 2003. Further, 60% of the driest 6 months (that

to probability density functions to determine thesbfit total rainfall over the period of less than 250neyan

for this data using EasyFIT (Mathwave Technologies,in December.

Table 1.Average dry season rainfall (mm) in the Grenadines

Starting month of dry season

Length of dry seasol Decembe Januan February March Minimurr
4 months 221 168 165 242 42
5 months 260 231 280 - 94
6 months 31€ 337 - - 12t

Frequ«_enfc?; _ ditsr:rib(l;tion danaIySﬁs ?;1 ?Enual dry 5. Classification of dry seasons in the Grenadines
season rainfall in the Grenadines show that Lograbr . .

T ! E The total rainfall during annual dry seasons cary va
and Log-Pearson d|_s_tr|bu_t|or_15 b_est fited the le widely and is only mild?y correlatedyto the totalrmrgl
2 .ShOWS. the probab|llty distributions for total drgason rainfall. A correlation coefficient of 38% was fadin
ramfa_lll In th? Grenadmes. Examples of the frequ{en between the total annual rainfall and total dryssea
density functions and fitted parameters are showthe rainfall. Dry seasons may be classified accordmghe

Appendix 1. duration, the water deficit and the potential intpac
Table 3 depicts the classification of dry seasorthia
Table 2.Probability Distributions for total Dry Season raithfin Grenadines. Such classifications can be developed f
the Grenadines duration-specified dry seasons using the basitsstat
Dry season  Distribution Parameters of the Annual Dry Season Rainfall (ADSR). The Jagyua
Ze”Odth tpre 3P =0 131696 0407 =555 to May dry season’s mean (MEAPkr) and standard
mon 0g-norma 6=0. u=6. y=-255. ot P
= month Log-normal 3P 6=0.097351=6.784 y=-627 76 deviation STRprsgrwWere used to develop a classification

6 montt Log norma 6=0.3555¢ 1=5.684¢ of five (5) categories. These are:
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Table 3.Classification of dry season in the Grenadines

Dry season Total rainfall Probability Impacts Some coping mechanisms
classification (mm)
Extreme Less than 150 10% Widespread household water gfeortaWater importation
Drying up of RWH ponds Water conservation
Livestock death from thirst Widespread curling of livestock
Loss of tree crop trees population
Serious 151 to 192 28% Water shortage at households with  Use of communal cisterns
small storages Use of water from dug wells
Water conservation
Sharing of water
Some curling of livestock population
Normal 193 to 280 42% Intermitted shortages at households Use of communal cisterns by households
with small storages
Voluntary redistribution of household
water supplie
Moderately wet 280to 310 14% Little household water shortage ld_feedistribution
Insignificant use of communal
Wet Above 310 6% Little household water shortage Little use of communal cisterns

Early planting season

Extreme = (M EANADSR' 1OSTQDSR)|

Serious= (MEAN - 1.0STDQpsR) to (Mean — 0.5
STDapsr);

Normal = (MEAN % 0.5STDpsp);

Moderately Wet = (MEAN + 0.5STDQpgg) to (Mean
+ 1.0 STDpsRr); and

Wet > (Mean+1.0STRpsg).

Such a classification is independent of how tha rai
is distributed during the dry season, and of thewm of
rainfall in the preceding and succeeding periodsesE
factors influence the severity of the impacts dfieen

Pacific known as La Nifia. Since 1990, extreme dry
seasons and droughts in the Caribbean are strongly
influenced by EI Nino (Farrell et al., 2010). This
observation is confirmed in the case of the Gramesli
where drought conditions were experienced in nine o
of 20 El Nino years as shown in Table 4. The EINif
years as determined by COAPS (2012) and anecdotal
evidence obtained through interviews with elderly
islanders. It shows that the most remembered selrgre
seasons (droughts) coincided with 45% of the EloNifi
years.

dry season. Figure 1 shows the total ADSR (for a

duration of five months starting in January), oster
from low to high, for the Grenadines for past 5@rge

About 10% of the dry seasons are in the extreme_Year

category.
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Figure 1. Classification of historic dry seasons for the Gremesl

6. Assessing the severity of dry seasons during tké
Nino in the Grenadines

Table 4.El Nino years with severe dry seasons in the Glieea

Extreme Dry season Year Extreme Dry season
1918 No 1972 Yes
1925 No 1976 No
1929 Yes 1982 Yes
1930 No 1986 No
1940 No 1987 No
1951 Yes 1991 Yes
1957 Yes 1997 Yes
1963 No 2002 No
1965 No 2006 No
1969 Yes 2009 Yes

The EI Nino fluctuations are irregular, but tend to
appear every three to six years (UNEP-GRID, 202).
the case of the Grenadines, the severity of theseagon
appears to be impacted by the time in the yeameén
the duration and intensity of the El Nifio event. a&th
the event begins early in the rainy season, thera i
tendency for the impacts of the water deficits ngrihe
following dry season to be more acute since thgt dr
season would be following a ‘dry’ wet season. hé €l

The Southern Oscillation (ENSO) is a natural Nifio event starts during the dry season the waécit
phenomenon resulting from the fluctuations of oceanpreceding the dry season is low as the rainy season
and atmospheric conditions in the Pacific betweén Ewould have been normal or above average. The dtsugh
Nifio (warming) and a drop in temperature in theital and severe dry periods are expected to increase in
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frequency and intensity due to the effects of ctema 8. Assessing the severity of dry seasons using the

change according to UN-IPCC (2007). standardised precipitation index in the Grenadines
) . L Droughts occur when there is a deficiency in atdda
7. Persistent deficit precipitation of dry seasons fresh water compared to some climatological mear ov

The severity of a dry season in the Grenadines was predefined period (Byun and Wilhite, 1999).
analysed by using the Persistent Deficit Precipitat Consequently most of the current indices including
(PDP). Figure 2 shows the PDP for Carriacou. Oker t SPI assess droughts in these terms. A method of
period 1965-2011, 15% monthly rainfall was below aassessing droughts which also considers duratiaridvo
threshold of 50% of the monthly median. Ideallye th be an improvement as the commencement of the water
best use of the PDP for analysing the severity rgf d deficit period and how long it has lasted are very
seasons and drought is to consider consecutivehsiont important concerns for islanders.
below a defined threshold. However, during a sedeye The severity of a dry season event is represented b
season it is possible for one month with
uncharacteristically high rainfall to fall betweeronths the sum of all the SP valuegnsm) for all the months
which Sit'Sf.y th}f deflne_d fthlzejh(_)ld. he d during which the event occurred (Edwards and McKee,
haveS us(;gn?fli%glnltc apnotszfil\l/r:aaimplgclzrt]go; ehOLrJys;r?c{Jﬂlzor\]/v;'?er;lgw)' The sum of the SPIs for dry seasons adsdcia

. . ) with some El Nifio years are shown in Table 5. In
supply, but have little impact on agriculture and comparison with past dry seasons in the Grenadihes,

:tlves(tjock p1<'i1rt|§:ularly if :he ralr?s fall in a cllm:r?ver. a  \as found that the 2010 dry season was the sevamest
ew days. To incorporate such a scenario in théyaisa record based on the summation of SPIs.

of dry seasons, a defined PDP threshold for 4 6@ o
months was used. Figure 3 shows the probabilitfes o
PDP using two, three and four consecutive montlts an  taple 5.SPI analysis for the KCC Dry Seasons for selected El

four out of 6 months. During any dry season thera i Nifio years in the Grenadines
probability of one in two that the rainfall in aast two mth 4mih 5mith 6-mith_&-mih
consecutive months would below 50% of the median. SPI SPI SPI SPI SPI
Average  -3.70 091 -201 -0.92 1.93
1929 -5.06 -3.02  -141 -3.58 -0.70
600 1951/2 -4.0 -1.77  -4.83 -2,65 -1.5
550 1997 -6.56 526  -3.89 -3.95 -0.09
5 s0 2002 -2.69 1.13 211 1.66 5.56
B0 2009/10 7.7 313 -8.42 -7.42 -6.88
'%a- 400
':'-350
%300 Assessing dry seasons, for the period based on the
EX0 1 KCC, does result in a comprehensive analysis ofitlye
[-] .
00 season event. The assessment of that period ddes no

il
| ‘ ; - The
I \‘H ‘ take into consideration the case of extended dagmes
' ‘| ‘ ﬂ that is, in cases where KCC defined dry season Imsont
precede or follow the normal dry season perioa,(i..

—

I b

lan-65 Jan-70 Jan-75 Jan-80 Jan85 Jan-90 Jan95 Jan00 lan-05  Dec-1l January to May) To overcome this, a dry seasonbean
defined as a continuous period=(&,) in which the SPIs
Figure 2. Persistent deficit precipitation for Carriacou remain negative (i.e., SPI dry season).

Using this definition, the analysis of the histodicy
seasons was carried using the 4-month SPIs;(SR)
and 6-month SPIs, (SRhonty and the results are shown

100 - —--— 2 months

50 | o in Table 6. These results show that the values &PIs
g s0 | 7 3months e 2010 varied far from the average. Table 7 shows tha
2 fg I 4 months - 7 there is a strong correlation between the cumwdediRls
b S dout of & /_./" and the duration of corresponding dry seasons.has t
E a0 | months -~ cumulative SPI only partly describes the severityhe
B 30| dry seasons in terms of water deficit, it is ndfisient
£ 2 as the duration of a dry season can influencertipagts

‘ of the dry season and the decision making requimed
40 50 60 70 75 mitigating these impacts.

Percent persistant deficit precipitation Therefore, the measure of severity using only the
summation of SPIs can be somewhat misleading.
Managing negative impacts of a particular dry sedso

Figure 3. Probability of occurrence for threshold levels of digfi
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influenced by both the summation of the SPEéPI)

n=1n
where n, is the number of months, and the duration
the dry season.

Table 6.Analysis of dry seasons based on continuous negativ

monthly SPI

Mean absolute Standard Absolute

value SPI dry Deviation value for

season (1931- for all dry seasons 2010 dry

2010) (1931-2010) season

SPlamontt 5.43 2.82 10.91

Splfymomt 5.37 3.72 13.69
Ta-montr 5.96 2.64 9
Té-montt 5.91 3.34 14

Table 7.Correlation between 4- and 6-month SPI and duration of

dry season for Carriacou

SPI 4month SPl6month T 4.montn
SPI -month 0.97 1.00 Na
T 4month 0.91 Na 1.00
T 6-month Na 0.95 0.90

47

where SPI is theindividualmonthlySPIduring thevent
T.

went ISthenumbeof monthsiuringwhich SPliscontinuouly negative
SPlismean valuef thedryseasogummulatieSPI

" T isthemean valuef theduringof Dry seasoftie periodwhen
theSPliscontinoust negative

nisthenumbeof monthghatSPlsscummulated

Fifty years (1961-2011) of annual rainfall dataswa
analysed for this new proposed DSSI and a sumnfary o
the results is shown in Table 8. The values of D&8I
in the range zero to ten, where values towards zero
indicate a wet and/or a short dry season whileelarg
values of DSSI indicate extreme monthly deficitsl/an
a long period of low rain. The results from the DSS
show that the ranking of the five most severe égssns
changes slightly from that using the summation haf t
SPIs (see Table 9). The severity of the dry seasbns
1931 and 1959 was confirmed, through anecdotal
evidence obtained from interviews with elderly desits
who recalled severe hardships due prolonged water
shortages, high loss of livestock and poor crojdgie

Table 8. Summary of DSSI analysis for dry seasons in the

This is important in cases where water supply is Grenadines
dependent.o.n RWH, as in the case of the Grenadines,——— Vean valie Standard Dry season
where decisions for responding to water shortages a Deviation 2010
influenced by the deficit in an individual monthdathe SPi 5.43 2.82 10.91
duration of the deficit. This measure of severian e — 4month
. L X SPI 5.37 3.72 13.69
improved by combining both the summation of thesSPI 6-month
and the duration in one index. A Dry Season Seyerit T, 5.96 2.64 9
Index (DSSI) is prop_osed in Equgtion ;whjch corabin T 591 3.34 14
the two variables. This proposed index is given by: 6-month
DSS! 4o 121 1.33 3.04
2 SPL XToen DSSI ¢ 1.37 172 6.04
_ i=ln SPI i
DSS|, = = — Equation..1
SPIXT
Table 9.The most severe dry seasons in the Grenadines
Severly —SPI .., T oo 5P 4 T o DSSher DS o
1 1931 1931 1931 1931 1931 1931
2 1959 2010 2010 2010 1959 2010
3 2010 1959 1959 1959 2010 1959
4 1997 1947 1997 1997 1997 1997
5 199t 1997 199¢ 199¢ 194¢ 1947

9. The 2009/2010 Dry Season

During the 2009/2010 drought, the driest 4-monti dr
season (i.e., January to April), the second dEeasionth
dry season (i.e., December to April) and the drigst
month dry season (i.e., December to May) were dszbr
with a total rainfall of 42mm, 94mm and 125mm,
respectively. Based on the fitted log-normal digttions
for ADSR, the 2009/2010 dry season appears torbeeca
event with small probabilities of occurrences i3,

unexpectedly high since there were at least twd suc
events occurred during the past 100 years. This can
partly be explained by the assumed distributiorictvirs
based on a best fit and is likely to change witarger
data set. Nonetheless, it is an indication that the
2009/2010 event may indeed, have been a rare event.
The total rainfall during the dry season over thet|
decade appears to be declining as shown by tharline
trend line in Figure 4: This is consistent with jpations

0.0006 and 0.0007 for 4-month, 5-month and 6-monthMade on the impact of climate change in the Sonther
dry seasons respectively. These probabilities aré-aribbean which suggest a pronounced north-south
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gradient in rainfall change during the Caribbeay dr 10. Conclusions

season (Trotz, 2008). Too much cannot be placei®n  yhile dry seasons in the Grenadines are annualtgven
result of this study since the trend line is mudfetent  he severity varies, and in some cases an extedded
when values for 1999, 2000 and 2010 are excluded.  seasons can become a drought. The analysis présente

Based on the 4-month SPI, the 2010 dry season Wa§rovides greater understanding of the nature of dry
the second in severity to the 1931/1932 dry seasofseasons in the islands. Measuring the severityrgf d
Based on the duration of the dry seasons, 2010theas seasons can be a useful tool for water-supply igras
third severest in history with 1931/1932 (16 moj@rsd it can be used for developing management frameworks
1959 (11 months) respectively being more severse@a  gyjted to the mitigation of the impacts of reguleater
on the 6-month SPIs, the 2010 dry season was SeCOfghortages and for the promotion of agriculture and
most severe considering the cumulative SPIs and thgyestock development on the islands. Informatiortioe
duration of the dry seasons. probability of severe dry seasons can be usefithéo
design of rainwater systems and for analysing the
vulnerability of the islands’ water resources, jgattarly
in the face of climate change.

The total annual dry season rainfall best fits @ lo
normal distribution. The use of PDP for analysihg t
severity of dry seasons suggests that the probaloii
three and four consecutive months and four outivof s
consecutive months is less than 10% at a threstild
50% median precipitation. This approach describes a
severe dry season in the Grenadines.

While using the summation of SPIs for ranking dry
seasons is suited to the islands where only raidéad is
available for long periods, the SPI may not adegyat
Figure. 4.Five-month dry season (Decemberto April) rainféls incorporate for the duration of the dry season. The

the Grenadines monthly SPIs during the 2009/2010 dry season resdiain
negative for 14 months, which made it the second
; : ongest dry season or drought on the islands fermptst
ori S0, e PDP, e, Gt SonSeCutNe 156 Sears. The DS, wieh s moifcaton of Sl
five months were recorded during the 2009/2010_pmpose_OI as an '_mpm‘{eme“t to the_ summation o&SPI
drought. During a period of nine consecutive morghs It tgke_s Into conS|dera_t|on the duration of the sieason.
below median rain, there were six of these monthenwv This index was appllgd to the recent 2009/2010 dry
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Appendix 1: Examples of the frequency density functions artddiparameters
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