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Abstract. Spatial correlations in the annual rainfall anoma-
lies are analyzed using principle component analyses (PCA).
Cross correlation analysis and composites are used to mea-
sure the influence of sea surface temperatures anomalies
(SSTAs) in the tropical Atlantic and tropical Pacific Ocean
with the seasonal rainfall in Suriname. The spatial and time
variability in rainfall is mainly determined by the meridional
movement of the Inter tropical Convergence Zone (ITCZ).
Rainfall anomalies tend to occur fairly uniformly over the
whole country. In December-January (short wet season),
there is a lagged correlation with the SSTAs in the Pacific
region (cj"g°1+2=—~0.63). The strongest correlation between
the March-May rainfall (beginning long wet season) and
the Pacific SSTAs is found with a correlation coefficient of
cNmol+2=Qs+ atjag i month. The June-August rainfall (end
part of long wet season) shows the highest correlation with
SSTAs in the TSA region and is about ¢=—0.52 for lag 0.
In the September-November long dry season there is also a
lagged correlation with the TSA SSTAs of about ciag3=0.66.
The different correlations and predictors can be used for sea-
sonal rainfall predictions.

1 Introduction

Climate variability in north and northeast South America, ex-
cept for the orography, land-sea interactions and land pro-
cesses, is also linked to oceanic and atmospheric processes in
the tropical Atlantic (TA) and the tropical Pacific. The most
important phenomena on inter-annual to decadal time scale
in this region are the Pacific El Niflo-Southern Oscillation
(ENSO), the Atlantic zonal equatorial mode (or the “tropical
Atlantic Nifio”) and the tropical Atlantic meridional gradient
(TAMG) (or the “tropical Atlantic dipole index”) (Berlage,
1957: Giannini et al, 2000: Marshall et al., 2001: Martis et
al., 2002: Rajagopolan et al., 1997: Robertson and Mechoso,
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2002: Villwock, 1998: Wang, 2001, 2005). The above phe-
nomena are caused by the variability in sea surface tempera-
tures (SSTs), trough the anomalies in sea level pressure and
winds (Ambrizzi et al., 2005).

Garzoli et al. (1999), Giannini et al. (2000), Marshall et
al. (2001) and Villwock (1998) have shown that the rainfall
in northern South America is more related to the SSTAs in
the tropical North Atlantic (TNA) than to the tropical South
Atlantic (TSA) and the tropical Pacific ENSO. Warmer than
normal SSTs in the TNA and colder than normal in the TSA
correspond with weaker (stronger) than normal northeast-
erly (southeasterly) trade winds in the TNA and a northward
displacement in the ITCZ during March-May. This causes
an increase in rainfall in this region. During the Pacific
ENSO, below normal precipitation is experienced in north-
ern South America during December-February and March-
May (Ropelewski and Hapert, 1987, 1989, 1996). During
La Nifia events, above normal precipitation is experienced
during the same period in northern South America (Acevedo
et al., 1999: Turner, 2004). The Atlantic Nifio is similar but
weaker than the Pacific Nifio. Wang (2001, 2005) defined the
tropical Atlantic dipole and showed that it is correlated with
the north-south displacement of the ITCZ (Wang, 2005).

In this paper, an attempt is made to analyze the variabil-
ity of the rainfall in Suriname (2-6° NB: 54-58° WL) and
the relationship between the Atlantic and Pacific SSTs. The
datasets used and the methods are described in Sect. 2. Sec-
tion 3 contains the results and discussions and the conclu-
sions are included in Sect. 4.

2 Data and methods

Twelve rainfall gauge stations distributed throughout Suri-
name that contain sufficient data are used to characterize
the climate variability across Suriname (Fig. 1). The me-
teorological data is provided by the Meteorological Ser-
vice Suriname (MDS). For the classification of the spa-
tial features of the annual cycle of rainfall (1961-1985) in
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Fig. 1. Contour map of annual precipitation totals (mm) in Suri-
name, 1961-1985. Note: the circles show the location ofthe rainfall
station.

Suriname, the correlation between the average of all the sta-
tions and each station is calculated. Principle component
analysis (PCA) of the annual rainfall anomalies is also cal-
culated using the Climate Predictability Tool (v.5.04) of the
International Research Institute for Climate Prediction IRI
(http://iri.columbia.edu/outreach/software/). The Chi-square
goodness-of-fit test has shown that the monthly precipitation
data (1961-1985) at the stations, except for Moengo, are nor-
mally distributed.

To investigate the relationship between the rainfall anoma-
lies in Suriname and the Atlantic and Pacific SSTAs on
inter-annual scale, cross correlation analyses and compos-
ites are used. For this purpose, only 7 rainfall stations
are used. These analyses are carried out on seasonal scale
(December-February DJF; March-May MAM; June-August
JJA; September-November SON), using the Anclim model
(Stipanek, 2003) and the KNMI Climate Explorer (http:
//climexp.knmi.nl/). Monthly observed SSTs (1950-2003)
are adapted from the National Oceanic and Atmospheric
Administration (NOAA-CIRES Climate Diagnostics Center,
2004) for the tropical northern Atlantic-TNA (5.5°-23.5° N,
15°-57.5° W), the tropical southern Atlantic-TSA (0°-20° S,
10° E-30°W), the Extreme Eastern tropical Pacific ENSO-
Nifio 1+2 (0°-10°S, 90°-80°W) and East Central Pacific
ENSO-Nifio 3+4 (5°N-5° S, 160° E-150“W). The monthly
Atlantic Nifio SSTAs (3°S-3°N, 20°W-0°) and SSTAs in
the tropical Atlantic (“dipole index”) are obtained from Dr.
Wang, C. (NOAA). The Atlantic dipole is defined as the
difference between the SSTAs in the TNA (5.5°-23.5° N,
15°-57.5° W) and the SST anomalies in the TSA (0°-20° S,

10°E-30°W) (Wang, 2001). For the uniformity and avail-
ability of statistical tables, statistical tests in this study are
performed at a 5% significance level.

3 Results and discussion
3.1 Variability of rainfall

Figure 1 shows the distribution of the annual precipitation
(1961-1985) based on twelve rainfall stations. A main fea-
ture of the precipitation distribution is that the annual pre-
cipitation is the highest in the mountainous area of Suriname
(center of Suriname: about 2800 mm) and the lowest in the
low-lying areas (northwest Suriname: about 1650 mm). The
season rainfall distribution has the same pattern as the an-
nual rainfall distribution. Figure 2a shows that there is a
relatively high correlation (r>0.60) between the rainfall sta-
tions. In general, the PCA results (Fig. 2b) also shows that
the annual rainfall anomalies tend to occur fairly uniformly
across the whole country. The first empirical orthogonal
function (EOF) represents about 50% variance, which can
be explained by the weak correlation at Brownsweg (0.47),
Nw.Nickerie (0.55) and Groningen (0.57). Figure 2c shows
the inter-annual variability with the temporal scores from
which can be concluded that 1964 was a very dry year and
1976 avery wet year. In the next paragraph the seasonal spa-
tial variability of rainfall will be discussed further.

3.2 Relationship between rainfall anomalies and Atlantic
and Pacific SSTAs

Figure 3 shows the observed monthly SSTs in the different
regions and the monthly observed rainfall at station Cultu-
urtuin. The monthly rainfall shows a seasonal cycle, which
is caused by the meridional movement of the Inter tropical
Convergence Zone (ITCZ). The monthly rainfall is the high-
est in May-June and the lowest in October-September. Most
ofthe other rainfall stations also show a similar seasonal rain-
fall pattern.

Figure 4 shows the lagged correlation (Pearson’s coeffi-
cient) of the DJF, MAM, JJA and SON precipitation anoma-
lies at station Cultuurtuin with the SSTAs in the TNA, TSA,
Niflo 1+2, Nifio 3+4, Atlantic Nifio and the TA dipole region.
Because of the fact that all the rainfall stations show similar
results, only station Cultuurtuin will be used further in this
study. During December-February (the short wet season),
the TNA is less warmer than normal and the TSA is warmer
than normal (Fig. 5). Northeasterly trade winds north of the
equator are strengthened, while the southeasterly trade winds
south of the equator are weakened (Villwock, 1998; Web-
ster, 2005). In DJF, the precipitation anomalies show a much
stronger correlation with the SSTAs in the Nifio 1+2 region
(ciags =—40.63), followed by the tropical Atlantic Nifio region
(ciag0=-20.36) and the TA region (ciago=—~0.32). Correlations
with the SSTAs in the TNA region (ciagii-i2=0.23) and the
SSTAs in the TSA region (ciags=—0.24) are lower (Fig. 4a,
b, f). During DJF, the ITCZ has a small rainfall belt and


http://iri.columbia.edu/outreach/software/

R.J. Nurmohamed and S. Naipal: Variability of rainfall in Suriname 79

HwHickeriej Gromineen
iGroninge

iTotness ab

Brownsweg

Stoelmansciland

Guyana
Coeroeni

Brasil

| | lake/zwamp
rivers

reservoir

rainfall station

X Spatial Loadings (EOF1)

80 -

statiun

X Temporal Scores (EOF1)

Sle]

0.0

-4.04

Fig. 2. (a) Correlation of the annual rainfall between each rainfall station and the average of all the stations (Pearson’s coefficient. 5% level
of significance), (b) spatial loadings (EOF 1) of the annual rainfall anomalies at 12 rainfall stations, (¢) temporal scores (EOF 1). Note:
station I=Albina; 2=Moengo; 3=Cultuurtuin; 4=Groningen; 5=Friendship-Totness; 6=Nw. Nickerie; 7=Brownsweg; 8=Stoelmanseiland;

9=Tafelberg: 10=Sipalwini; 1lI=Coeroeni: 12=Kabalebo.

is displaced southward of Suriname and causes a reduction
in precipitation across Suriname that reaches its peak during
February-March. February-March is the short dry season.

During April-mid August (the long wet season) the TNA
(TSA) becomes warmer (colder) than normal indicating a
northward movement of the ITCZ. Oceanic air rises over
the TNA warm water, easterly trade winds from the At-
lantic Ocean are weakened north of the equator and east-
erly trade winds south of the equator increase. The south-
easterly trade winds also bring the tropical heat sources
of the Amazon to Suriname. Evaporation increases over
the TNA and as a result precipitation increases over north-
ern South America. During this period, the ITCZ has a
rainfall belt that is twice the rainfall belt during DJF and

hardly covers the whole of Suriname. The extension of

this season compared to the small wet season is due to
the fact that the ITCZ collides with the relief of the coun-
try (near Tafelberg) as well with the south and northeast
trade winds, which causes its movement to become slower.
This explains the high rainfall in the center of Suriname
(Fig. 1). During the beginning of the long wet season
(MAM), the Nifio 142, TSA and the tropical Atlantic Nifio
SSTAs show all a strong correlation with the rainfall anoma-
lies in the same order of magnitude of about c1g'lol+2=0.59,

cladf=-°-52 and Cw)ant* * ino=—~0.52, than with the TNA
SSTAs (ciago=0.23) and the TA dipole SSTAs (ciag7=0.33)
(Fig. 4). During JJA, the SSTAs in both the TA dipole
and TSA region show a stronger correlation with the rain-
fall anomalies than in the other regions of ciagio=—40.49 and
ciago=—40.52 respectively.
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Fig. 3. Monthly variation of observed SSTs in the TNA, TSA, Nifio
1+2 and Nifo 3+4 regions and the observed monthly rainfall at Cul-
tuurtuin (Paramaribo) for the period 1961-1985.

From mid-August to November (the long dry season), the
SSTs in the TNA (TSA) are the highest (lowest) and the pre-
cipitation maximum has passed over Suriname and is found
north (5-10° N) above the Atlantic Ocean (Webster, 2005).
During this period, the trade winds south of the equator in-
crease surface winds and cause surface evaporative cooling
and, as a result, less rainfall above Suriname. The rain-
fall anomalies show the largest positive correlation with the
SSTAs in the TSA region (c1ag3=0.66) and the Atlantic Nifio
region (claga=0.63) than in the other regions.

Cross correlation analyses have shown that the Pacific
Nino 3+4 SSTAs shows a stronger correlation with the TNA
SSTAs during all the seasons compared to the Nino 1+2 SST.
The highest correlation is reached in MAM and is 0.72 for
k=4 months. In the TSA region, the Nifio 1+2 SST is slightly
stronger correlated with the SST than the Nifio 3+4 SST. The
highest correlation (c;=0.44) is obtained when the Nifio 1+2
SSTAs lead the TSA SSTAs by 4, 8 and 12 months in DJF,
MAM and JJA respectively. Similar results were also found
by Wang (2001) and Marshall et al. (2001).

4 Conclusions

Analysis of spatial variability of rainfall (1961-1985) has
shown that the highest annual rainfall is found in the cen-
tral area of Suriname and the lowest annual rainfall along the
coastal area in northeast Suriname. There exist a medium
to high correlation in the annual rainfall variability between
the different stations: 0.47 at Brownsweg up to 0.83 at
Stoelmanseiland. A decreasing trend in annual precipita-
tion occurs in central and southwest Suriname (maximum
—14.5mmyear™"), while a rising trend is observed in the
other areas of Suriname. The highest negative trend is in
northeast Suriname and is about 42.7 mm year~!. The high-
est rainfall occurs at all the stations in May-June and the
lowest rainfall in October—September.

Statistical analyses of rainfall in Suriname show that rain-
fall (station Cultuurtuin), during the short wet season (DJF),
is linearly correlated with the Pacific SSTAs in the Nifio
1+2 region three months earlier with a correlation coeffi-

cient of ¢x=—0.63. The MAM rainfall anomaly (beginning
long wet season) correlate with the TA SSTAs (c£g§:—0.52;

Cég%antic Nino:—0.52) as well as with the Pacific SSTAs

(cﬁglloHZ:OﬁQ). The highest correlation between the JJA
rainfall (long wet season) and the SSTAs is reached in the
TSA region and is about c=—0.52 for lag 0. Finally, the long
dry season (SON) is stronger correlated with the TSA SSTAs
(c1ag3=0.66). For all seasons it is found that the rainfall is
also medium to highly correlated with the Pacific SSTAs,
which indicates that E1 Nino events may cause rainfall below
or above normal (drought conditions). The correlation with
the Nifio 1+2 SSTAs is stronger during DJF (cjag3=—0.63),
followed by MAM (c1ag1=0.59), SON (cjago=—0.57) and JJA
(clago—1=—0.52).

The knowledge of rainfall variability and processes re-
sponsible for this variability, among other things, is used to
provide scenarios that can be used for water resources plan-
ning and design of hydraulic works. At present, forecasting
the Atlantic climate variability and the Pacific ENSO with
respect to rainfall need to be further examined. More re-
search is needed to advance our understanding of the trop-
ical oceanic and atmospheric processes, the interactions and
the mechanisms of variability in Suriname and surrounding
countries.
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