Seasonal forecasting of Bangladesh summer monsoon
rainfall using simple multiple regression model
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In this paper, the development of a statistical forecasting method for summer monsoon rainfall over
Bangladesh is described. Predictors for Bangladesh summer monsoon (June–September) rainfall were
identiﬁed from the large scale ocean–atmospheric circulation variables (i.e., sea-surface temperature,
surface air temperature and sea level pressure). The predictors exhibited a signiﬁcant relationship with
Bangladesh summer monsoon rainfall during the period 1961–2007. After carrying out a detailed analysis
of various global climate datasets; three predictors were selected. The model performance was evaluated
during the period 1977–2007. The model showed better performance in their hindcast seasonal monsoon
rainfall over Bangladesh. The RMSE and Heidke skill score for 31 years was 8.13 and 0.37, respectively,
and the correlation between the predicted and observed rainfall was 0.74. The BIAS of the forecasts (%
of long period average, LPA) was −0.85 and Hit score was 58%. The experimental forecasts for the year
2008 summer monsoon rainfall based on the model were also found to be in good agreement with the
observation.

1. Introduction
In Bangladesh, the agricultural economy with large
growing population is closely linked with the performance of its monsoon systems, namely southwest monsoon, active during June–September. The
southwest monsoon of Bangladesh, which is also
known as the summer monsoon, is an important
source of water for Bangladesh during June–
September contributing most of the annual rainfall over Bangladesh. Nearly 65–70% of the annual
rainfall is received in Bangladesh during the southwest monsoon season (Rahman 2006). Bangladesh
critically depends on the southwest monsoon rainfall to grow Aman rice crop. Therefore, longrange forecasting (LRF) of summer monsoon rainfall is a high priority in Bangladesh as there is
no dynamic or statistical model to give the LRF

for Bangladesh. An accurate forecast of seasonal
summer monsoon rainfall over the country is an
increasing demand for decision makers and planners of the country in mitigating any kind of
disaster like food crisis and water scarcity.
Seasonal forecasting systems are usually categorized into two types, namely dynamical and
hybrid (i.e., combination of dynamical and statistical forecasting). Dynamical techniques are based
on forecasts made by combined atmosphere–ocean
General Circulation Models (GCMs). Eﬃcient
dynamical long range forecasts are provided by the
European Center for Medium-range Weather Forecasts (ECMWF). Statistical techniques for long
range forecasting make use of the past data especially relationship between the rainfall and other
weather/climate related parameters. SST is a key
indication because of its relatively gradual rate of
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change and the highly eﬀective ocean atmosphere
coupling. Multiple techniques usually apply an
assortment of mathematical and dynamical techniques, for example, by using mathematical techniques to forecast SSTs which are then used as
reviews to a dynamical atmosphere-only GCM to
generate long range rainfall forecasts.
The India Meteorological Department (IMD) has
been issuing LRF of the southwest monsoon rainfall since 1886. It was, however the extensive and
pioneering work of Gilbert Walker (1923, 1924),
that led to the development of the ﬁrst objective model based on statistical correlations between
summer monsoon rainfall and antecedent global
atmosphere, land and ocean parameters. There are
many reviews on the LRF of Indian southwest monsoon rainfall (ISMR) (Thapliyal and Kulshreshtha
1992; Krishna Kumar et al. 1995; Rajeevan 2001;
Gadgil et al. 2005). In a recent study, Gadgil et al.
(2005) addressed the major problems of the statistical and dynamical methods for LRF of summer monsoon rainfall in view of the recent forecast
failures in 2002 and 2004. Their analysis revealed
that IMD’s operational forecast skill based on
statistical methods has not improved over seven
decades despite continued changes in the operational models. For the LRF of the ISMR, three
main approaches are used. The ﬁrst is the statistical method, which used the historical relationship
between the ISMR and global atmosphere–ocean
parameters (Walker 1923; Thapliyal 1982; Singh
and Pai 1996; Delsole and Shukla 2002; Rajeevan
et al. 2005; Pai and Rajeevan 2006). The second
approach is the empirical method based on a time
series analysis. This method uses only the time
series of past rainfall data (Kishtawal et al. 2003;
Iyengar and Raghukanth 2004) and does not use
any predictors. The third approach is based on
the dynamical method, which uses general circulation models of the atmosphere and oceans to
simulate the summer monsoon circulation and
associated rainfall. In spite of its inherent problems, at present, statistical models perform better than the dynamical models in the seasonal
forecasting of ISMR (Rajeevan et al. 2005). The
dynamical models have not shown the required
skill to accurately simulate the salient features of
the mean monsoon and its interannual variability
(Latif et al. 1994; Krishnamurti et al. 2000; Kang
et al. 2002; Krishna Kumar et al. 2005). Linear
forecast of ISMR has been studied by Delsole and
Shukla (2002) and found that regression models
based on two or three parameters could produce
better results than models using large number of
predictors. The present study is aimed to develop
simple multiple regression model for southwest
seasonal monsoon rainfall forecast of Bangladesh
using three predictors.

2. Data and Methodology
The summer monsoon rainfall over the whole country has been calculated as the area weighted average of the rainfall of 28 raingauge stations during
the summer monsoon season (ﬁgure 1) in
Bangladesh. The long period average (LPA) (1961–
2000) of the seasonal summer monsoon rainfall is
1701 mm and the coeﬃcient of variation is about
10%. The Bangladesh summer monsoon rainfall
(BSMR) has been expressed in percentage departure of long period average (LPA). The BSMR
series during the period 1961–2007 has been used
in this study. The monthly CPC Merged Analysis of Precipitation (CMAP) has also been used
for understanding the model performance during
the period (1979–2007). This data have been collected from Earth System Research Laboratory,
NOAA, USA and rainfall data have been extracted
point-to-point values through GrADs software.
The monthly mean datasets of various parameters such as sea surface temperature (SST), surface
air temperature (SAT) and sea level pressure (SLP)
have been used as predictors for summer monsoon
rainfall over Bangladesh in this paper. The SST
dataset have been taken from the monthly mean
NOAA Extended Reconstructed Global Sea Surface Temperature version 2 (ERSST.v2) data at
2◦ ×2◦ lat. × long. grid (Smith and Reynolds 2004)

Figure 1. Solid circles represent Bangladesh Meteorological Department (BMD) observation raingauge stations and
digits above the solid circles represent the elevation (in
meter).
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Table 1. Details of predictors used for the Bangladesh summer monsoon rainfall forecast during the period 1961–2007.
No.
P1
P2
P3

Parameters
Southwest Indian Ocean SST anomaly
Somalia surface air temperature anomaly
Central Paciﬁc Ocean sea level pressure anomaly

Period

Spatial domain

CC with
BSMR

February
April
April

30◦ –36◦ S, 74◦ –78◦ E
7.5◦ –12.5◦ N, 47.5◦ –50◦ E
2.5◦ –7.5◦ N, 145◦ –150◦ W

0.44
0.59
0.53

Signiﬁcance at 1% level.

Figure 2. Correlation maps between Bangladesh summer monsoon rainfall and (a) SSTs in the month of February, (b) SATs
in the month of April, and (c) SLPs in the month of April. The solid rectangular boxes indicate signiﬁcant at 5% and 1%
level, respectively.
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(http://www.esrl.noaa.gov/psd/data/gridded/data.
noaa.ersst.html). The monthly mean SAT and SLP
data of NCEP/NCAR reanalysis (Kalnay et al.
1996) have been obtained from the NOAA Earth
System Research Laboratory (ESRL), Boulder,
CO, USA (http://www.esrl.noaa.gov/psd/data/
gridded/data.ncep.reanalysis.derived.surface.html).
The spatial resolutions of these datasets are
2.5◦ × 2.5◦ lat. × long. All the above monthly mean
datasets have been used for the period 1961–2007.
Correlation ﬁelds between BSMR and monthly
mean SST, SAT and SLP at each grid point in
each month have been computed by using MatLab
software and areas with maximum correlation have
been identiﬁed. The areas of the predictor’s domain
are shown in table 1.

3. Identiﬁcation of predictors
The aim in this section is to identify predictors for the Bangladesh summer monsoon rainfall, which can then be used in statistical forecast
models. The two main requirements for any useful
predictors are:
1) a good relationship with the seasonal summer
monsoon rainfall,
2) a reasonable lead time (i.e., months to a season).

3.1 BSMR correlation with large-scale variables
The BSMR is found to be correlated with SST,
SAT and SLP during the month of February, April

and April (month of pre-monsoon season), respectively, and the correlation maps are shown in
ﬁgure 2(a–c). The strong shaded regions indicate
correlation that is signiﬁcant at 1% level. Strong
positive correlations with SST’s are shown in
ﬁgure 2(a) over southwestern Indian Ocean regions
around 35◦ S. The correlation map indicates persistence from the pre-monsoon season (March–May)
leading up to the monsoon season, thus providing
the potential for a long range lead forecast. SAT
over Somalia is also selected as one of the predictors (ﬁgure 2b). This essentially captures the
land–ocean gradient that gets set up by the land
temperatures, especially during the pre-monsoon
season before the start of monsoon. With SLPs,
the correlations are strong in the central Paciﬁc
tropical region, indicating that a higher than normal tropical pressure tends to enhance the easterlies, thereby increasing the moisture transport to
Bangladesh as well as to the south Asia and consequently the rainfall. The solid rectangular boxes
in ﬁgure 2(a–c) show the region of high correlation
from where the predictors will be developed.
4. Predictor selection
Based on the correlation with indices and the correlation maps with large-scale variables, predictors
with high correlations with the BSMR have been
identiﬁed (table 1). The selected predictors are:
• SSTs area averaged over 30.0◦ –36.0◦ S latitudes
and 74.0◦ –78.0◦ E longitudes
• SATs area averaged over 7.5◦ –12.5◦ N latitudes
and 47.5◦ –50.0◦ E longitudes

Figure 3. Sliding window (21-year) correlations between the predictors (SSTA (P1), SATA (P2) and SLPA (P3)) and BSMR
during the period 1961–2007. Central year of the sliding window is shown in the ﬁgure. 5% signiﬁcant level is indicated as
solid line.
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• SLPs area averaged over 2.5◦ –7.5◦ N latitudes and
145.0◦ –150.0◦ W longitudes
To check the temporal variability of the strength
of the predictors to BSMR, moving window correlation are shown in ﬁgure 3 with Sea Surface Temperature Anomalies (SSTA), Surface Air
Temperature Anomalies (SATA) and Sea Level
Pressure Anomalies (SLPA), which are denoted by
P1, P2 and P3, respectively. Besides, the predictors show signiﬁcant correlations with the BSMR
at two or three months lead time.

5. Forecast models
Typically, a regression (often linear) is ﬁt between
the identiﬁed predictors and a single dependent
variable (i.e., BSMR). The ﬁtted regression is then
used to forecast the mean value of the variable.
There is an extensive literature for ﬁtting and
testing linear regression models, and software is
readily available (Helsel and Hirsch 1995). Such
models have been widely used for hydro-climate forecasting in the USA (Piechota et al. 2001; McCabe
and Dettinger 2002) and for Indian monsoon rainfall forecasting (Hastenrath 1988; Krishna Kumar
et al. 1995). For forecasting a ﬁeld of a dependent
variable, such as precipitation, at several locations
from ﬁelds of independent variables (e.g., tropical SST, SAT and SLP, etc.), canonical correlation
analysis is typically used (Shabbar and Barnston
1996; Ntale et al. 2003).

6. Veriﬁcation of the model forecasts
The model forecasts during the period 1977–2007
have been veriﬁed using a simple model statistics
such as correlation coeﬃcient between observed
and predicted BSMR, bias in the model forecasts
(BIAS) and RMSE. They are calculated in the
following way.



Y − Ȳ  Y − Y
R=  

2

 2
Y −Y
Y − Ȳ


(Y  − Y )
n

(Y  − Y )2
RMSE =
n
BIAS =



where Y and Y are the sample averages of the
Y and Y  , respectively, and n is the number of
training period.
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The veriﬁcation statistics used for the category
forecasts are (a) hit score (HS), and (b) Heidke skill
score (HSS). HS is the proportion of the correct
forecasts and is computed as the ratio of forecasts
in the correct category to the total number of forecasts. The HSS is the HS adjusted to account the
proportion of forecasts that would have been correct by chance in the absence of skill and is computed as [(3/2) × HS] − 1/2. For a good model,
the HSS should be more than 0.33 (i.e., 1/3rd of
the forecasts are categorically correct).
The signiﬁcance test is carried out by using
Student’s t-distribution:

n−2
tcal = r
1 − r2
where r is the correlation coeﬃcient, n is the number of data and (n − 2) is the degree of freedom. If
tcal > t0.05 or t0.01 , the correlation coeﬃcient is signiﬁcant on the basis of a one-tailed test of Student’s
distribution.
7. Results and discussion
Table 1 shows the details of the ensemble members that have been used to construct the model.
The correlation ﬁeld between BSMR and SSTA,
SATA and SLPA in the southwest Indian Ocean,
over Somalia and central Paciﬁc Ocean, respectively is shown in ﬁgure 2(a–c). SSTA in the
month of February over southwest Indian Ocean
between 30◦ –36◦ S latitude and 74◦ –78◦ E longitude
is positively and signiﬁcantly correlated with the
BSMR (CC = 0.44 and signiﬁcant at 1% level) and
is indicated by the rectangular box as shown in
ﬁgure 2(a). The correlations are weak over rest of
the Indian Ocean and Bay of Bengal. The correlations are insigniﬁcant throughout the Indian Ocean
and Bay of Bengal from March to May (ﬁgure
not shown). Sadhuram et al. (2007) reported positive and highly signiﬁcant correlation (CC = 0.61)
between Indian Summer Monsoon Rainfall (ISMR)
and February SSTA in the northwest Australian
region. Clark et al. (2000) also reported insignificant correlations between ISMR and SST during
pre-monsoon season (March–May) for the periods
1945–1994 and 1977–1995. SATA in the month of
April over Somalia is positively and highly signiﬁcantly correlated with the BSMR (CC = 0.59 and
signiﬁcant at 1% level). The area of SATA is indicated by the rectangular box over Somalia between
7.5◦ –12.5◦ N latitude and 47.5◦ –50◦ E longitudes as
shown in ﬁgure 2(b). The correlations are weak
over rest of the part of the globe. Similarly, SLPA
in the month of April over central Paciﬁc Ocean is
positively and highly signiﬁcantly correlated with
the BSMR (CC = 0.53 and signiﬁcant at 1% level).
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The area of surface pressure anomaly over central
Paciﬁc Ocean around equator is indicated by the
rectangular box between 2.5◦ –7.5◦ N latitude 145◦ –
150◦ W longitudes as shown in ﬁgure 2(c). The
correlations are insigniﬁcant over rest of the part
of the world during this month. The correlations
are insigniﬁcant between BSMR and SLP during
pre-monsoon season from March to May (ﬁgure not
shown here).
Figure 3 shows the 21-year moving correlation
coeﬃcients between BSMR and the three predictors (P1, P2 and P3) selected for the model development for the period 1961–2007. Signiﬁcant level
at 5% (CC = 0.43) is indicated as horizontal solid
Table 2. Forecast veriﬁcation statistics of the model output
computed for the period 1977–2007.
Sl. no.
1
2
3
4
5

Veriﬁcation parameters
CC between actual and predicted values
BIAS of the forecasts (% from LPA)
RMSE of the forecasts (% from LPA)
HS (Hit score, %)
HSS (Heidke skill score)

0.70
−0.85
8.13
58
0.37

Table 3. Intercorrelation square matrix among the predictors that was used in the regression model during the period
1961–2007.
Parameters

SST

SAT

SLP

SST
SAT
SLP

1.00
0.36
0.30

0.36
1.00
0.44*

0.30
0.44*
1.00

*Signiﬁcance at 5% level.

line. The relationship of most of the predictors with
the BSMR is stable (correlation coeﬃcient values
and signiﬁcant at and above 5% level) during the
entire period particularly during the recent years
as shown in ﬁgure 3. The correlations between
predictors and BSMR are weak during the earlier
period. Clark et al. (2000) also found weak correlations before 1970s and strong correlations during
the recent decades which were attributed to the climate change in the Indian Ocean after 1976. There
are signiﬁcant intercorrelations between some of
the predictors (table 2). Table 3 depicts the intercorrelation square matrix of the three predictors
which have been used in the regression model. The
correlation between predictors is signiﬁcant which
indicates that the predictors are dependent on each
other. Rajeevan et al. (2006) suggested an optimum sliding window of 23 years would minimize
the RMS errors. Hence, a sliding window of 31
years has been chosen in this study as the training
period to develop the linear regression model. The
regression equation for the model is given below:
BSMR = 91.464P1 + 114.645P2
+ 106.408P3 + 1740.41
where BSMR is expressed in percentage departure from LPA. The year-to-year performance of
observed and predicted values of BSMR is shown
in ﬁgure 4. In general, there is a good agreement between the observed and predicted values
except in the years 1980, 1984, 1986, 1987, 1993,
1994, 1998, 2000, 2003, 2004 and 2006 out of 31
years. This is the ﬁrst time that an attempt is
made to develop a regression model for summer

Figure 4. Predicted and observed values of BSMR (% departure from LPA) during the period 1977–2007.
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monsoon rainfall in Bangladesh. The model veriﬁcation statistics of the regression model given in
table 2 shows that the RMSEs of the model is
8.13% of LPA. The BIAS of the model is −0.85.
The Hit score (HS) and Heidke skill score (HSS)
of the regression model is 58% and 0.37, respectively. The HSS is an indicator for the performance
of the regression model which is within the range
(0.38–0.63) of ensemble multiple linear regressions
(EMR) and projection pursuit regression (PPR)
models of Rajeevan et al. (2006). It is impressive
that this simple regression model using only three
parameters could capture interannual variability
of BSMR satisfactorily. The CMAP data is also
used for showing the model performance. During
the period 1979–1984, the CMAP data shows more
anomalies with opposite sign than the other years
over Bangladesh because it may be due to missing
data during the above period. CMAP data may be
useful in verifying the broad characteristics of the
rainfall patterns over the globe (Narkhedkar et al.
2010), but it can be seen from ﬁgure 4, that it is not
at all close to the BSMR temporal analysis either
qualitatively or quantitatively.
It is evident that SSTA in Indian Ocean during pre-monsoon season are playing an important
role in summer monsoon rainfall over Bangladesh.
Warm SST persists before a strong monsoon
(Sadhuram et al. 2007). In order that SST directly
inﬂuences the monsoon through evaporation and
moisture supply, one would expect the positive correlations to persist through the pre-monsoon season (March–May) leading to the onset of rainfall,
which are not shown here. Webster et al. (1999)
and Clark et al. (2000) found that ISMR is strongly
correlated with the Indian Ocean SST with a lead
time of 3–6 months on Tropical Biennial Oscillation (TBO) time scale. Positive SST leads to
the increase of surface moisture (due to enhanced
evaporation) and thus a strong monsoon owing to
the increased moisture in the region (Chang et al.
2001). Hence, warm (cold) SST in the Indian Ocean
increases (decreases) the local moisture ﬂux during
pre-monsoon and fall preceding summer monsoon,
and leads to strong (weak) monsoon. This may
be the reason for the observed correlation between
BSMR and SSTA shown in the present study.

557

strongly correlated (CC = 0.44, signiﬁcant at
1% level) with the BSMR. SAT in the month of
April anomalies over Somalia is also positively
and highly signiﬁcantly correlated (0.59) with
the BSMR. Similarly, SLP anomalies over central Paciﬁc Ocean are positively and signiﬁcantly
correlated (0.53) with the BSMR.
• A good agreement between the observed and predicted values except in the years 1980, 1984,
1986, 1987, 1993, 1994, 1998, 2000, 2003, 2004
and 2006 out of 31 years signiﬁes better performance of the regression model over Bangladesh.
• The model veriﬁcation statistics of the regression
model: the Root Mean Square Error (RMSE) is
8.13% of LPA and the BIAS of the model is
−0.85. The Hit Score (HS) and Heidke Skill Score
(HSS) of the regression model are 58% and 0.37,
respectively. The correlation between the predicted and observed rainfall for the 31 years during the period 1976–2007 is 0.74. Rajeevan et al.
(2006) reported that the correlation between predicted and observed for 24 years was 0.77–0.84
for their model.
• The correlation between predictors and BSMR
are weak during the earlier decades and strong
during the recent decades. It is a good signal
for LRF of summer monsoon rainfall over these
regions.
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