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Abstract 
 
 

Rice is a very important agriculture product for Suriname, not only for local consumption but also for export. The  
Intergovernmental Panel on Climate Change states that the global averaged surface temperature will increase by 
0.3°C–1.7°C under RCP2.6 and 2.6°C–4.8°C under RCP8.5, and extreme precipitation events over wet tropical 
regions will very likely become more intense and more frequent. This might significantly impact the rice yield in 
the future. The first objective of this study was therefore to analyze historical changes in the climate and 
hydrology in Nickerie district. The second objective was to study the impact of projected climate change on the 
rice sector in Nickerie district by 2070-2100. Analysis has shown that the trend in the historical annual rainfall and 
the annual temperature have been non-significant (T-test, 95%). Historical El Niño and La Niña events, but also 
the reverse impacts, have affected the rainfall in Nickerie district. The regression models represent no or a 
negligible relationship between the rice yield, and temperature and rainfall. The water-balance studies have shown 
that less rainfall will be available by 2070-2100 at the beginning of the second crop season (April-May) and the 
beginning of the first crop season (October, November, December). This means that more irrigation water will be 
required in the future and new freshwater resources need to be developed. 
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Introduction 
 

Agriculture is one of the top 3 fastest growing sectors of the economy in Suriname (Reusche and Atanasov, 
2014). Rice is a major component of Suriname’s agricultural exports representing on average 38% of total foreign 
exchange earnings from agricultural exports (Derlagen et al., 2013; Ministry of Agriculture, Animal Husbandry and 
Fisheries, 2013). Nickerie district in the northwest of Suriname is the largest producer of rice for local consumption 
and export to the Caribbean region and EU countries.The total annual cultivated area of rice in Nickerie district is 
about 51,747ha (1978-2013). The total annual rice production is about 203,605 tons and the total annual rice yield is 
about 3.93 tons/ha (Ministry of Agriculture, Animal Husbandry and Fisheries, 2009, 2013). This is a little below the 
world average of 4.43 tons/ha. The rice production per ha varies from 4.36 tons (> 20ha) to 4.47ha (6-10ha) and from 
4.36 tons (> 20ha) to 5.03 (1-3ha) (Ramadhin, 2014). Rice production is a source of greenhouse gas (CH4) due to 
flooding of paddies. The agriculture emissions due to rice cultivation in Nickerie district are about 314.9 gigagrams 
CO2eq (2010) (IPCC, 1997; FAOSTAT, 2015). Rice fields also emit nitrous oxide (NO2) due to the excessive use of 
chemical fertilizers and pesticides. 
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Rice cultivation in Nickerie district is irrigated (wet rice cultivation).Farmers struggle with many problems 
such as inefficient irrigation, saltwater intrusion in the coastal rivers especially during the two dry seasons (February-
April and September-November), the effects of climate change (shift in seasonal rainfall) and climate variability (e.g. 
El Niño), poor hydraulic works, weak institutional arrangements at polder level. Poor quality of paddy and low paddy 
prices also exert a negative pressure on the rice production.Mungroo (2014) has shown that climate events in the past 
in Nickerie district particularly reduced food production through reduced water availability and drought. The 
International Food Policy Research Institute (IFPRI) indicates that by 2050 rice prices will have increased by between 
32% and 37% as a result of climate change. It also indicates that yield losses in rice could be between 10% and 15%. 
TheIntergovernmental Panel on Climate Change IPPC (2013) reports that globally the averaged surface temperature 
data show a warming of 0.85 [0.65 to 1.06] °C over the period 1880 to 2012. By the end of the 21st century (2081-
2100) relative to 1986-2005, the global mean surface temperature is likely to have increased by 0.3°C–1.7°C under 
RCP2.6 and 2.6°C–4.8°C under RCP8.5. The mean precipitation for 2081–2100 relative to 1986-2005 will likely 
decrease (between -20% and +10%), but extreme precipitation events over wet tropical regions will very likely 
become more intense and more frequent. The mean sea level will rise by about 0.44-0.74m by 2100 relative to 1986-
2005 levels (IPCC, 2013). Observations from tidal gauges surrounding the Caribbean basin indicate that SLR in the 
Caribbean will increase from 0.13m up to 1.45m by 2100 relative to 1980-1999 (Meehl et al., 2007).  

 

Climate change will have a significant effect on crop growth, development and yield (productivity) by the 
increasing temperature and uncertainty in rainfall (Biscay, 1984; Hasanuzzaman, et al., no year; Nimos, 2005; Peng et 
al., 1995, Rahman et al., 2012; Vaghefi et al., 2014). An increase in temperature may shorten the length of the growing 
period in tropical regions, and thus reduce yield. The range of temperatures for seed germination of rice is optimal 
between 20-35oC (min. 10oC and max. 45oC). The International Rice Research Institute (IRRI) indicates that a rise in 
night-time temperature by 1oC may reduce rice yields by about 10%(Retrieved Jan 10, 2015, from http://irri.org/). 
According to the Philippine Rice Research Institute (2011), grain yield of major crops including rice is reduced by 5-
7% for every 1oC rise in mean daily temperature. A separate study shows that rice yield declines by 10% for each 1oC 
increase in minimum or night-time temperature during the dry season, whereas the effect of the maximum 
temperature was found insignificant. Higher temperatures can also decrease rice yields as they can make rice flowers 
sterile, meaning no grain is produced. Moreover, a change in the climate will affect the distribution and the degree of 
infestation of insects including rice diseases and pests. 
 

The full impact of climate change on rice production is still unknown, nor is it fully clear what measures 
should be taken to reduce the impact. The different predictions for temperature, carbon dioxide levels, changes in 
humidity, and the interaction of these factors make forecasting future rice yields under these conditions challenging. 
Crop modelling has become a critical tool to get insights into the physiological and ecological processes, assessing the 
relationships between crop yield and environmental factors and evaluating the impacts of climate change on rice 
production (Lobell and Field, 2007; Lobell and Burke, 2010; Mahmood et al., 2012; Ogbuene, 2010; Peprah, 2014; 
Rahman et al., 2012; Rowhania et al., 2011; Sarker et al., 2012; Tazhibayeva, and Townsend, 2012; Vaghefi et al., 
2014). In general, there are several methods to study theimpact of climate change on agriculture (CCCCC, 2010). 
These are: a) expert judgment, b) analogous procedures, c) actual statistical relationships, d) climatic and bioclimatic 
indexes, e) biophysical and ecological impact models/agronomic-economic models e.g. DSSAT, EPIC, CENTURY, 
RICEMODE, WARM, and f) integrated assessment models e.g. DICE, RICE.Various studies have been conducted to 
study the impact of climate change on the agricultural sector, especially rice(CCCCC, 2010, 2014). A study carried out 
by Doodnauth (2006) for the island of Leguan in Guyana revealed that there is a clear relationship between variation 
in rainfall and rice yield. Karn (2014) studied the effect of climate on rice production, using a regression function on 
rice harvest (yield) and weather variables (e.g. temperature) in Nepal. Monteiro et al. (2013) estimated rice yield based 
on weather conditions and on the technological level of production systems in Brazil using a regression relationship. 
Biscay (1984) has made an assessment of on-farm practices for improved rice production in Nickerie district. 
According to his findings, there is an increase in grain yield with an increase in solar radiation. The National Oceanic 
and Atmospheric Administration Center for Environmental Assessment Services and Atmospheric Science 
Department of the University of Missouri-Columbia (1979) also used a linear regression model based on rainfall and 
yields to predict the rice yields in Nickerie district.The objectives of this studyareto analyse the historical climate and 
hydrologyand to study the impact of projected climate change on the rice sector in Nickerie district by 2070-2100. 
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Methodology 
 

The study area, Nickerie district, is about 5,353 km² (about 3% of Suriname) and is situated in the northwest 
of Suriname, between 56o8’-57o4’ WL and 5o2’-6o0’ NL (Figure 1). The following data were available for this study: 
meteorological data (e.g. rainfall, temperature), hydrological data (e.g. sea and river-water levels, river discharges), 
CMIP5 climate data from global circulation models (e.g. rainfall, temperature) and climate data from the PRECIS 
regional climate model (e.g. rainfall, temperature) (Alves and Marengo, 2009; Campbell et al., 2010). Socioeconomic 
data have been provided by the Algemeen Bureau voor de Statistiek (ABS, 2014). Data about the agricultural 
production (e.g. rice areas, rice yields) in Nickerie district have been provided by the Ministry of Agriculture, Animal 
Husbandry and Fisheries (LVV) and ABS. Only stations with sufficient and complete data (covering at least 25 years) 
were considered for analysis of climate variability. Stations with long-time series (e.g. more than 50 years) will be 
considered for climate change analysis. For this study, 7 rainfall stations were available with monthly and daily series. 
Based on the location of the rice areas, only Paradise station was considered. For temperature and evaporation 
analysis, only one station (Nickerie airport) had useful daily data.Two river discharge stations (Mataway and Stondansi) 
with daily data located in different rivers were considered in this study. Two water-level stations (close to the river 
mouth) and one seawater-level station (with daily data) were considered in this study. Other stations in the study area 
were not considered, as they had poor observations and the time series were too short (< 10 years). Figure 1 shows 
the locations of these stations. The monthly observed sea surface temperatures (SSTs) (1950-2003) are adapted from 
the National Oceanic and Atmospheric Administration (NOAA-CIRES Climate Diagnostics Center) for the Tropical 
Northern Atlantic-TNA (5.5o-23.5oN, 15o-57.5oW), the Tropical Southern Atlantic-TSA (0o-20oS, 10oE-30oW), the 
Extreme Eastern Tropical Pacific ENSO-Niño 1+2 (0o-10oS, 90o-80oW) and East Central Pacific ENSO-Niño 3+4 
(5oN-5oS, 160oE-150oW). The monthly Atlantic Niño SSTAs (3oS-3oN, 20oW-0o) and SSTAs in the Tropical 
Atlantic (“dipole index”) are obtained from Dr. Wang, C. (NOAA). 
 

Figure 1: Study area, Nickerie district. Note: borders are indicated in a purple line (Narena, 2008). Location of 
the meteorological, hydrological and hydraulic stations in Nickerie district are indicated in different circles. 
Note: the red circles show the location of the meteorological stations; the blue circles show the location of the 
water level stations;the green circles show the location of the discharge stations.  
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The complete monthly and annual time series were used to calculate the mean rainfall, temperature and 
evapotranspiration in the study area. Out of the available rainfall stations, 3 were considered, i.e. the stations at NW 
Nickerie, Paradise and Groot Henar.  For the past/ current trend and variability analysis, monthly average data 
(observed) were used from the years 1961 through 1987, with the exclusion of 1970 and 1971 (no records). Out of the 
3 stations, Paradise station had the most complete series for the considered period (1961-1987). Small gaps were filled 
with data available from the 2 other stations, given the strong correlation (confirmed by regression tests 
performed).Insufficient observed evaporation data were substituted by modelled baseline evaporation data. Future 
evaporation climate series were developed by applying linear regression between evaporation and temperature, 
considering observed evaporation data (long-term monthly mean values based on available observations (1973-2008)) 
relative to observed and modelled baseline temperature data. Perturbation factors derived for temperature, which are 
considered to be a measure for the change signal, were used to perturb the modelled baseline evaporation series to 
obtain the future evaporation series.  

 

For detecting climate change of hydrological time series (randomness, stationary and homogeneity) the 
regression test will only be used (McCuen, 2003; Mamdouh et al, 1993). To investigate the relationship between the 
rainfall anomalies in Nickerie district and the Atlantic and Pacific SSTAs on an inter-annual scale, cross correlation 
analyses were used. These analyses were carried out on a 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/). The SST anomaly was obtained by subtracting the annual (monthly) climatologies 
(for 12 months) for each data series for the individual annual (monthly) data. The common period 1961-1985 (25 
years) is further used to identify temporal changes in the annual rainfall.  

 

To generate climate scenarios, CMIP5 global climate model output (RCP2.6 and RCP8.5 scenarios) and 
regional climate model output from the PRECIS regional climate model (A2, B2 and A1B scenarios) are usedfor 
rainfall, temperature and evapotranspiration for the agricultural sector in Nickerie district (IPCC, 2013; Taylor et al, 
2012). CMIP5 uses more than 50 GCM models at resolutions of 25x25 or 50x50 km, while the PRECIS model uses 
three global models (HadAM3P, ECHAM4 and ECHAM5) at a resolution of 25x25 km. The statistical models used in 
this research are: MSExcel (Data analysis) and the KNMI Climate Explorer (Retrieved January 5, 2014 from 
http://climexp.knmi.nl/). 

 

Because of the limited availability of meteorological data (e.g. for temperature, evapotranspiration), a 
regression model was used to model the rice yield. Regression lines can have a linear, parabolic, exponential or other 
relationship. If the yield time series are longer than 30–35 years, second degree polynomial can be used. For shorter 
time series, linear approximation is sufficient to satisfy the minimum criteria (Rahman et al., 2012). XLStatistics (Carr, 
2000) is used to develop the regression models. General linear regression models have the form of: 
 

Y = ǟ + Ǡ1X1 + ... + ǠkXk + ǣ         (1) 
where,  
Y is the predicted yield (dependent variable) 
ǟ, Ǡk are estimated regression constants; ǟ represents the deterministic component (trend) and is estimated using 
the least squares method; these parameters are estimated from observed data using the method of least 
squaresX1,..., Xk is kth least squares estimated for the kth predictor Xk; Xk is e.g. rainfall, temperature (independent 
variables)ǣ is the residual term which represents the composite effect of all other types of individual differences 
not explicitly identified in the model 
Polynomial regression models have the form of: 
Y = ǟ + Ǡ1X1 + Ǡ2X22 + é ǠkXkk        (2) 

 

Because of the shortness of the data, the results presented here should be used as an indication of climate 
variability and climate change in Nickerie district. For consistency and uniformity, all tests used will be performed at a 
5% significance level (�D), because of the availability of statistical tables. 

 

Results and discussion 
 

Figure 2 shows the anomalies in annual rainfall at Paradise station for the periods 1915-1985 and 1961-1985 
respectively. Figure 3 shows two annual cycles of rainfall for the period 1961-1985 at Paradise station. It appears from 
this figure that annual rainfall is concentrated in June-July, with an average of about 300mm and 95% interval from 
175mm to 550mm. This is quite variable.  
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Linear trend analysis shows that the annual rainfall has increased by about 30.7 mm/10 years since 1961 
(1961-1985), but this trend is non-significant (T-test, 95%). The trend of the annual rainfall for the whole period 
(1915-1985) shows a slightly decreasing trend (less than 1mm/10 years; non-significant (T-test, 95%)). Application of 
the Kolmogorov-Smirnov test has shown that the annual rainfall time series (1915-1985) at Paradise show a normal 
variability (stationary) (D=0.242; p=0.0). The results of the tests to detect discontinuity (change point) in the annual 
rainfall time series at a 95% confidence interval show that for the Cumulative Deviation test, year 1929, for the 
Standard Normal Homogeneity test SNHT test (shift in mean and standard deviation), year 1980, for the double shift 
in annual rainfall mean, year 1970 and 1972, and for the regression F-test, year 1950. It is unlikely that 1929, 1970-
1972, 1980, could be the years when the climate changed in Suriname. But it is clear from figure 2 that after year 1950 
the mean annual rainfall decreased. However, the 1940-1980 period is a period when the global mean surface 
temperature was more or less stable. Global climate change may not be the cause of the climatic shifts. Figures 3 and 
4 show that there has been great variation in the seasonal rainfall between 1915 and 1985 with an increase in rainfall 
between 1930 and 1960 for the seasons DJF, MAM, JJA. 

 
 

 
 

Figure 2a: Anomaly in annual rainfall for the period 1915-1985 (71 years) Paradise station 
 
 

 
 

Figure 2b: Anomaly in annual rainfall compared to normal years, during El Niño and La Niña years for the 
period 1961-1985 (25 years) at Paradise station. Note: the blue columns indicate moderate to strong El Niño 
events/years, the red columns indicate moderate to strong La Niña events/years, the green columns are both El 
Niño and La Niña years. The period is Nov-March of the following year. The linear dotted line is the trend line and 
the black line is the 5 year moving average. 
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Figure 3: Two annual cycles of rainfall for the period 1961-1985 at Paradise station 
 

 

Figure 4: Seasonal rainfall pattern and moving average (5 years) at Paradise station for two periods (a) 1961-
1985 and (b) 1915-1985 

 

 
 

 
 

(a) (b) 
 

Based on the results of the moving average (see figure 2a), six periods can be distinguished at Paradise station: 
a decrease in annual rainfall in the period of 1920-1930, an increase between 1938-1944, an increase between 1948-
1960, and a decrease between 1960-1973, an increase between 1973-1980, and a decrease after 1980. The lower rainfall 
during 1960-1973 could be associated with the warmer than normal SSTs in the TNA region in those years. This may 
have caused the ITCZ to stay south of the equator longer especially in March-May. The increase in rainfall during 
1973-1980 may have been caused by the cooler than normal SSTs in the TNA region in those years. The decrease in 
rainfall in 1980-1985 is more strongly related to the warmer SSTs in the Niño1+2 and Niño 3+4 regions.From figure 
2b, it can be concluded that the El Niño events (1966, 1972, 1973, 1977, 1978, 1982, 1983) cause lower annual rainfall 
than normal in Nickerie district.  

 

During El Niño events, the SSTs are warmer than normal in the Niño 1+2 and Niño 3+4 regions. For La 
Niña events it is difficult to draw a conclusion, but in general it seems that La Niña events (1964, 1965, 1973, 1974, 
1975 and 1976) cause higher annual rainfall than normal in Nickerie district. We can conclude that there are also years 
when there was more rainfall than normal (e.g. 1979) or less rainfall than normal (e.g. 1963), which was not related to 
El Niño events or La Niña events. During the warm ENSO events, the SSTs also increase in the TNA, reaching their 
maximum during December-February and March-May.  
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During these periods, rainfall deficits are experienced in northeast South America such as in 1972-1973, 1982-
1983 and 1997-1998. During La Niña events, SSTAs in the equatorial Pacific are negative and reach their peak 
between June-September. Rainfall excess is then experienced in northern South America during December-February 
and March-May such as in 1973-1974, 1975-1976 and 1988-1989. The lower than normal rainfall in the year 1982 in 
Nickerie district corresponds with global impacts in northern South America. For the years 1965, 1966, 1974 and 1977 
no global impacts were reported in northeast South America. The dry years 1965 and 1974 may have been caused by 
the reverse impact of the strong La Niña event in those years due to the absence of the ITCZ especially during 
March-May. The higher than normal rainfall in the years 1973, 1975 and 1976 in Nickerie district corresponds with 
global impacts in northern South America.  
 

 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 
 

Figure 5: Correlation analyses (lag = 0 months) of the monthly rainfall anomalies (1961-1985) at Paradise 
station with the monthly (a) Niño 1+2 SSTAs, (b) Niño 3+4 SSTAs,  (c) TNA SSTAs, (d) TSA SSTAs, (e) Atlantic 
Niño SSTAs and (f) Tropical Atlantic dipole SSTAs predictors (1961-1985). Note: lag in months, lag positive: 
predictor leading rainfall. The rainfall anomalies are taken as the first series and the SSTAs as the second time series. 
A positive lag indicates that the SSTAs are the leading index and a positive (negative) correlation indicates that large 
(small) rainfall anomalies are related to large SSTAs 

 

Figure 5 shows the Pearson’s correlation coefficients for lag = 0 months of the monthly rainfall anomalies 
(1961-1985) at station Paradise with the monthly (a) Niño 1+2 SSTAs, (b) Niño 3+4 SSTAs,  (c) TNA SSTAs, (d) 
TSA SSTAs, (e) Atlantic Niño SSTAs and (f) Tropical Atlantic dipole SSTAs predictors.From figure 5 it appears that 
the monthly rainfall at Paradise shows a stronger correlation with the Niño 1+2 SSTAs (-0.73 to 0.74) and the Niño 
3+4 SSTAs (-0.74 to 0.45) than with the other predictors (TNA SSTAs (-0.57 to 0.36), TSA SSTAs (-0.57 to 0.48), 
Atlantic Niño SSTAs (-0.51 to 0.28) and Tropical Atlantic dipole SSTAs (-0.61 to 0.27)).  
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 6: Lag correlations of seasonal rainfall anomalies (1961-1985) at Paradise station for December-
February (DJF), March-May (MAM) and June-August (JJA) with the predictors (a) Niño 1+2 SSTAs, (b) Niño 3+4 
SSTAs,  (c) TNA SSTAs, (d) TSA SSTAs, (e) Atlantic Niño SSTAs and (f) Tropical Atlantic dipole SSTAs (1961-
1985). Note: lag in months, lag positive: predictor leading rainfall. The rainfall anomalies are taken as the first series 
and the SSTAs as the second time series. A positive lag indicates that the SSTAs are the leading index and a positive 
(negative) correlation indicates that large (small) rainfall anomalies are related to large SSTAs 
 

Figure 6 shows the lag correlations of seasonal rainfall anomalies at Paradise station. January and May show 
the highest correlation with the Niño SSTAs; these are the wettest months (within the wet season) of the year. March 
shows the highest correlation with the TNA and TSA SSTAs; this is normally a dry month (within the dry season). 
The difference in correlations between the rainfall anomalies and the Atlantic and Pacific SSTs anomalies may be 
explained by the high variability in the annual rainfall at Paradise station in Nickerie district, but perhaps also local 
influence of Atlantic and Pacific SSTs and local climate effects.During DJF, the ITCZ has a small rainfall belt and is 
displaced to the south of Suriname and causes a reduction in precipitation that reaches its peak in February-March 
(short wet season).  
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The beginning of the long wet season (MAM), shows the strongest correlation with the Niño SSTAs (clag 

6Niño1+2 = -0.79; clag 9Niño3+4 = -0.91), followed by the TNA (clag 0 TNA = -0.70) and TSA SSTAs (clag 2 TSA = -0.70), the 
Tropical Atlantic Niño SSTAs (clag 0 TA = -0.64) and the Atlantic Niño SSTAs (clag 1 Atlantic Niño = -0.64). One can notice 
that the correlations are of the same magnitude, only the lag is different. During JJA (long wet season), the rainfall 
shows the strongest correlation with the Niño 3+4 SSTAs (clag 0Niño3+4 = -0.48). During SON (long dry season), the 
rainfall shows the strongest correlation with the Niño SSTAs (clag 0Niño1+2 = -0.70; clag 0Niño3+4 = -0.76), followed by the 
TA regions (clag 0 TNA = -0.41; clag 3 TSA = -0.52). During the period mid-August to November (the long dry season), the 
SSTs in the TNA (TSA) are the highest (lowest) and the rainfall maximum has passed over Suriname and is found 
north (5oN-10oN) above the Atlantic Ocean (Webster, 2005). During this period, the trade winds south of the equator 
increase surface winds and cause surface evaporative cooling and, as a result, less rainfall over Suriname. Correlations 
with the other predictors are weak (maximum 0.32). The fact that monthly rainfall in Nickerie district shows stronger 
correlations with the Pacific SSTAs makes Nickerie indeed vulnerable to strong changes in rainfall due to El Niño and 
La Niña events. 
 

A linear regression of the annual temperature at Nickerie airport station (1961-2013) shows that the annual 
temperature has increased by less than 0.01oC/10 years in Nickerie district.No statistically significant trend (39 
mm/10 years) was found for the annual evapotranspirationat the Nickerie Airport station.To characterize the 
discharge volumes for the area of interest, awater-balance assessment has been made as presented in equation 3,P – E 
= Q                       (3) 
where, 
P is precipitation, E (ET) is evaporation and Q is the rainfall fraction that contributes to discharge, as part of the total 
water budget for the area of interest.  
 

Figure 7 shows the mean water balance for the period of 1961-1987. This figure shows that shortage of 
rainfall existed in the months Feb-March and Sept-Oct-Nov. Both periods are the dry seasons and the latter period 
(Sept-Nov) is the beginning of the first rice season, when a lot of water is required. 

 

Figure 7: Water Balance (P – ET) for the period 1961-1987 
 

 

 
 

The maximum water levels (1961-1984) at Nickerie stationshow a slight increase in the historical water levels 
(0.74 cm/10 years). The trend of the annual seawater level (2000-2013) at Nickerie station (river mouth) shows a clear 
increase; the Pearson’s correlation coefficient r at a 95% reliability level is 0.9, while the hypothesis test value p 
=9.67E-05. The annual seawater trend is consistent with the monthly seawater trend. From the historical observations 
in the coastal part of the Nickerie River we can conclude that if climate change continues in this way and the linear 
trend continues, the water level could increase by about 4.7 and 85.1cm by 2050 and 2100 respectively.  Based on the 
historical observations of the annual seawater level, the seawater level could increase by about 28.8 and 68.8cm by 
2050 and 2100 respectively if the trend continues. These values (4.7-85.1mm) are in the range of the projected 
increases in sea-level rise (44-74mm) from the IPCC AR5. 
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 For the rise in sealevel and river-water level, values between 4.7 and 85.1mm are found. Flooding may also 
take place by the Nickerie and Corantijn Rivers as a result of backwater effect (CST, 1999). In case of flooding by the 
Nickerie River the damage will be more extensive than from flooding by the Corantijn River. The difference is that 
the development of rice cultures along the Nickerie River is concentrated on both sides of the river and is further 
upstream than along the Corantijn River. Higher water levels in the rivers due to the higher sea level will force the 
boundary between saltwater and freshwater to move upstream. As a result, locations for water intake for irrigation 
purposes should be replaced, which in turn will require the entire rehabilitation of the irrigation infrastructure.  
 

Out of the climate models used from PRECIS, only the GCM ECHAM4 was useful, given the precondition 
that it is only warranted to use a model effectively for future climate predictions, if the model is able to represent the 
current climate correctly, in terms of extremes, with special emphasis on the temporal variability (seasonal patterns) of 
the climatic variables of interest. As for rainfall, the seasonal patterns for simulated temperature are reasonably 
consistent with the observations. Considering the monthly average values, however, there is a slight underestimation. 
Bias correction was made using the statistical downscaling step,referred to as the Quantile Perturbation 
principle(Willems and Vrac, 2011).The water-balance assessment results for the future predictions are presented in 
figures 8a, 8b and 8c, representing the scenario periods/scenarios:  2020-2050-A2, 2070-2100-A2 and 2070-2100-B2. 
From these results it is clear that for all scenarios greater shortages in water are expected for the months of August-
October. For the 2070-2100 scenarios, shortages of water are also expected in the months of February-March.  

 

Figure 8a: Water balance for 2020-2050 A2 Figure 8b: Water balance for 2070-2100 A2 

 

 
Figure 8c: Water balance for 2070-2100 B2  
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Figure 9a: Temporal trends of annual cultivated areas of rice (ha) and annual rice yield (tons) for the first and 
second crops over the period of 1978-2013. Note: cultivated area is shown on the left axis and rice yield is shown on 
the right axis (Ministry of LVV, 2015) 

 
 

Figure 9b: Temporal trends of annual cultivated areas of rice (ha) and annual rice yield (tons) 
for both seasons over the period 1978-2013. Note: cultivated area is shown on the left axis and rice yield 
is shown on the right axis (Ministry of LVV, 2015) 
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Figure 9c: Temporal trends of annual rice yield (tons/ha) for the first and second crops, 
and for both crops, over the period 1978-2013 (Ministry of LVV, 2015) 

 
Figure 9d: Temporal trends of annual rice yield (tons/ha) and annual rainfall over the 

period 1978-2013. Note: left site yield, right site rainfall 

 
 

 

The rice production and rice yield in Nickerie district from 1978 to 2013 are shown graphically in figure 
9.From figure 9a, b and c it appears that the cultivated rice area and/or rice production decreased from 1980 to 2003 
and since 2003 it has been increasing. Figure 9shows that there have been peaks in the rice production, decreases and 
increases. Some can be explained by climate factors. The significant drop in rice cultivated area in 1983 may have been 
caused by El Niño (drought conditions). Mungroo(2014) states that it could have been caused by the suspension of 
Dutch Development Aid at the end of 1982. There were more drops as in 1998 and 2004. The 1998 event was 
probably also caused by the El Niño event. The heavy rains in 2004 could have damaged the production. The decrease 
in paddy production after 1987 could have been a result of a shortage of fertilizer and pesticide (Mungroo, 2014). In 
2009 there was a drastic increase in cultivated area and paddy production, which was fuelled by a rise in world market 
prices. It seems that the climate does not have a direct effect on the rice production. It is, however, short-term climate 
variability such as extreme events that might cause decreases in production. The decline in cultivation and production 
can be attributed to external factors rather than internal and climate factors of the rice sector. 
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Looking at the impact of rainfall (figure 9d) and rice yield, no clear relation exists, because water comes 
mainly from irrigation water.Figure 10shows the relationship between the two crop seasons rainfall/temperature and 
the yield for that season. There is no clear relationship.The multiple linear regression model based on temperature and 
rice yield data for Nickerie district (period 1978-2013) for the months April-August (yAA second crop season) and 
Nov- March (yNM first crop season) were found: 
YAA = -0.23.X1 + 10.1, with R² = 0.14       (4) 
yNM = -0.13.X1 + 7.28, with R² = 0.02       (5) 

 

Both models represent no or a negligible relationship between the yield and temperature. The regression 
analysis indicates an R square of 0.14 and 0.02 implying that rainfall accounts for only 14 and 2% of rice yield 
respectively, while 86 and 98% variation respectively in rice yield is explained by other factors.It is more likely that the 
relationship between climate variables and crop yield is nonlinear as crop growth increases with a rise in temperature 
up to a certain limit; after that, crop growth may be adversely affected by an increase in the temperature; the same 
applies to rainfall impact on crop productivity.  

 

Figure 10a: Rice yield (tons/ha) vs rainfall (mm) for the 
two crop seasons Apr-Aug (AMJJA) and Nov-March 
(NDJFM) for the period 1978-2013 

Figure 10b: Rice yield (tons/ha) vs temperature (oC) for 
the two crop seasons Apr-Aug (AMJJA) and Nov-

March (NDJFM) for the period 1978-2013 

  
 

Most rice yields in Nickerie district of between 3.5 and 4.5 tons/ha are obtained between average 
temperatures of 26.5 and 28.2oC. Based on the projected changes in average temperature by 2070-2100, it is clear that 
the maximum average temperature would reach about 33.9oC. This is a change of about 6.6oC in July and could mean 
that the rice production could decrease slightly (about 5-10% for every 1oC rise). As mentioned before, the range of 
temperatures for seed germination of rice is optimal between 20-35oC (min. 10oC and max. 45oC). The water-balance 
studies show that less rainfall will be available by 2070-2100 at the beginning of the second crop season (Apr-May). 
This also applies to the beginning of the first crop season (Oct, Nov, Dec). This means that more irrigation water will 
be required.  
 

Conclusion 
 

Climate change does not have a direct impact on rice production. Short-term climate variability such as 
extreme climate events is more likely to cause a decrease in rice production. Based on projected changes in average 
temperature from 2007-2010, the maximum temperature is estimated at 33.9oC. This translates into a temperature 
change of about 6.6oC in July and could mean that rice production could decrease slightly.Damage to the rice 
production would be greater along the NickerieRiver as rice fields are concentrated around this river and fields are 
located further upstream in the Corantijn River.In addition,salt water will also intrude further upstream. In areas 
vulnerable to flooding, river-water levels will exceed irrigation canal levels and surplus water will accumulate. If the 
amount of rainfall decreases and the sea-level rise continues as projected, salt intrusion will proceed further inland and 
less fresh water will be available for irrigation of rice fields. However, if rainfall increases and the sea-level rise 
continues as projected, salinity will decrease and more water will be available for irrigation.  
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The ongoing expansion of rice fields in the direct vicinity of the Corantijn River will exhaust the existing 
possibility for irrigation within the next few years and further expansion of rice fields will be halted because of 
freshwater shortage, especially during the long dry season. To increase the amount of freshwater in above cases for 
the rice production there are three options: 1) expansion of the capacity of pumps at Wakay or the establishment of 
new pumping stations, 2) to extract water from the Nanni swamp, 3) to extract water from the Nickerie River basin 
(Stondansi project) (CST, 1999; HTSPE Limited, 2009). 
 

Acknowledgements 
 

The authors would like to thank the Belgian Directorate-General for Development Cooperation (DGDC) 
and the Flemish Interuniversity Council (VLIR-UOS), the Department of Infrastructure of the Department of 
Technology (MSc in SMNR programme), the International Foundation for Science and CARIBSAVE for making this 
research possible at the Anton de Kom University of Suriname. Special thanks go to the following individuals and 
institutions for their support and data provided, i.e. the Suriname Meteorological Service for providing meteorological 
data, the Suriname Hydraulic Research Division and the Suriname Maritime Authorityfor providing hydro-
meteorological data. 
 
References 
 
ABS. (2014). Definitieveresultatenachtstealgemenevolkstelling-Districtresultatenvol II, Suriname. 
Alves, L. M. & Marengo, J. (2009). Assessment of regional seasonal predictability using the PRECIS regional climate 

modeling system over South America. Theoretical and Applied Climatology, 100, 337-350. 
Bishay, B.G. (1984). Assessment and formulated of on-farm practices for improved rice production in Nickerie District, 

Suriname. Mission Report, Government of Suriname, Organisation of the American States, Department of 
Regional Development.  

Campbell, J.D., Taylor, M.A., Stephenson, T.S., Watson, R.A. & Whyte, F.S. (2010). Future climate of the Caribbean from a 
regional climate model. International Journal of Climatology, 31, 1866-1878. 

Carr, R. (2000). XLStatistics 5.71. XLent Works [http://www.deakin.edu.au/~rodneyc/xlstats.htm], Australia. 
Country Study Team CST (1999). Project Country Study Climate Change Suriname And First Steps Towards Integrated 

Coastal Zone Management. Government of The Netherlands, Ministry of Foreign Affairs and Government of 
Suriname.  

Caribbean Community Climate Change Center CCCCC. (2014). Vulnerability and Capacity Assessment Methodology; A 
guidance manual for the conduct and mainstreaming of climate change vulnerability and capacity assessments in 
the Caribbean Region, Barbados  

Derlagen, C., Barreiro-Hurlé, J. &Shik, O. (2013). Agricultural Sector Support in Suriname, IDB/FAO, Rome, Italy. 
Doodnauth, P. (2006). An assessment of the impact of weather-related events, projected climate change and climate 

variability on rice production on the island of Leguan, Guyana.  
FAOSTAT (2015). Economic indicators Suriname (http://faostat.fao.org/) 
Hasanuzzaman, M., Nahar, K. & Fujita, M. (no year). Extreme Temperature Responses, Oxidative Stress and Antioxidant 

Defense in Plants (http://dx.doi.org/10.5772/54833) 
HTSPE Limited. (2009). Master plan for the supply and distribution of irrigation water for agricultural production in the 

nickerie district, Paramaribo, Suriname 
IPCC. (2013). Annex I: Atlas of Global and Regional Climate Projections [van Oldenborgh, G.J., M. Collins, J. Arblaster, 

J.H. Christensen, J. Marotzke, S.B. Power, M. Rummukainen and T. Zhou (eds.)]. In: Climate Change 2013: The 
Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. 
Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United 
Kingdom and New York, NY, USA. 

Karn, P. (2014).The Impact of Climate Change on Rice Production in Nepal, Kathmandu, Nepal 
Lobell, D. & C. Field. (2007). Global scale climate–crop yield relationships and the impacts of recent warming, Public 

Health Resources. Paper 152. 
Lobell, D.B. & M. Burke. (2010).On the use of statistical models to predict crop yield responses to climate change. Agric. 

Forest Meteorol 2010 
Mamdouh, S., Oorschot van, H. & De Lange, S. (1993). Statistical Analysis in Water Resources Engineering, Rotterdam, the 

Netherlands. 



Nurmohamed Riad & Donk Peter                                                                                                                              65 
 
 

 

Meehl, G. A., T. F. Stocker, W. D. Collins, P. Friedlingstein, A. T. Gaye, J. M. Gregory, A. Kitoh, R. Knutti, J. M. Murphy, 
A. Noda, S. C. B. Raper, I. G. Watterson, A. J. Weaver& Z.-C. Zhao. (2007a). Global climate projections.  

              In: Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment 
Report of the Intergovernmental Panel on Climate Change. Solomon, S., D. Qin, M. Manning, Z. Chen, M. 
Marquis, K. B. Averyt, M. Tignor and H. L. Miller, (eds.), Cambridge University Press, Cambridge, United 
Kingdom and New York, NY, USA. 

McCeun, R. (2003). Modeling hydrologic change – statistical methods, Lewis publishers 
Monteiro, A. J., da Costa Azevedo, L., Assad, E. &Sentelhas, P. (2013). Rice yield estimation based on weather conditions 

and on technological level of production systems in Brazil, Pesq. agropec. bras., Brasília, v.48, n.2, p.123-131, fev. 
2013 

Ministry of Agriculture, Livestock and Fisheries, Animal Husbandry and Fisheries. (2013). The National Agricultural 
Innovation Strategy of the Republic of Suriname, Suriname 

Ministry of Agriculture, Livestock and Fisheries, Animal Husbandry and Fisheries. (2009). Eindrapport van de Vijfde 
Landbouwtelling 2008-2009, Suriname 

Mungroo, A. W. (2014). The Rice Industry in Suriname. In: leading sectors of suriname: The impact of Mining, Agriculture 
and Tourism Activities on the Economy 1970 – 2012, Hoefdraad, G. (eds), pp. 83-99, Suriname 

National Oceanic and Atmospheric Administration Center for Environmental Assessment Services and Atmospheric 
Science Department University of Missouri-Columbia. (1979). A Study of the Caribbean Basin Drought/ Food 
Production Problem, USA 

NIMOS. (2005). Republic of Suriname First National Communication Under the United Nations Framework Convention 
on Climate Change. Paramaribo, Suriname: National Institute for Environment and Development in Suriname, 
Government of the Republic of Suriname 

Orlowsky, B., Bothe, O., Fraedrich, K., Gerstengarbe, F.W & Zhu, X. (2010).  Futureclimates from bias-bootstrapped 
weather analogues: an application to the Yangtze river basin.Journal of Climate, 23, 3509-3524. 

Ogbuene, E.B. (2010). Impact of meteorological parameters on rice yield: an approach for environmental resource 
sustainability in ebonyi rice farmland, nigeria, Journal of Environmental Issues and Agriculture in Developing 
Countries, Volume 2  

Peng, S, K.T. Ingram, H.U. Neu&L.H. Ziska. (1995). Climate Change and Rice, Springer, Germany 
Peprah, K. (2014). Rainfall and Temperature Correlation with Crop Yield: The Case of Asunafo Forest, Ghana, 

International Journal of Science and Research (IJSR),Volume 3 Issue 5 
Rahman, A. , Khan, K., Krakauer, N., Roytman, L., &Kogan, F. (2012). Use of Remote Sensing Data for Estimation of 

Aman Rice Yield, International Journal of Agriculture and Forestry 2012, 2(1): 101-107 
Ramadin, H. (2014). De geschiedenis van de rijstbouw in Suriname, verleden, heden en toekomst, Suriname 
Rowhania, P. Lobell, D., Lindermanc,M. &Ramankuttya, N. (2011). Climate variability and crop production in Tanzania, 

Agricultural and Forest Meteorology 151 (2011) 449–460 
Reusche, J. &P. Atanasov. (2014). Credit analysis: suriname, government of Suriname, Report Number: 177568, Moody’s 

Corporation, Moody’s Investors Service, Inc., Moody’s Analytics, Inc. 
Carr, R. (2000). XLStatistics 5.71. XLent Works [http://www.deakin.edu.au/~rodneyc/xlstats.htm], Australia. 
Sarker, A.R., Alam, K., &J. Gowa. (2012).Exploring the relationship between climate change and rice yield in Bangladesh: 

An analysis of time series data, Agricultural Systems 112 (2012) 11–16 
Štepánek, P. (2003). AnClim - software for time series analysis. Dept. of Geography, Fac. of Natural Sciences, MU, Brno. 

1.47 MB. 
Taylor, K., R. Stouffer & G. Meehl. (2012).  An Overview of CMIP5 and the Experiment Design, American Meteorological 

Society 
Tazhibayeva, K.& R. Townsend. (2012). The Impact of Climate Change on Rice Yields: Heterogeneity and Uncertainty, 

IES conference on Climate and the Economy. 
Vaghefi, N., Nasir Shamsudin, M., Radam A.&K.A. Rahim. (2014). Modelling the Impact of Climate Change on Rice 

Production: An Overview, Journal of Applied Sciences, 13: 5649-5660. 
Wang, C. (2005). ENSO, Atlantic climate variability, and the Walker and Hadley circulations, In: The Hadley 

Circulation: present, past and future, Diaz, H.F. and Bradley, R.S. (eds), pp. 173-202. Kluwer Academic Publishers, 
the Netherlands. 

Willems, P. & M. Vrac. (2011). Statistical precipitation downscaling for small-scale hydrological impact investigations of 
climate change. Journal of Hydrology, 402, 193-205. 


