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ABSTRACT

Geographical assessments on the relationship between climate variability and crop production are important for plan-
ning adaptation programs to climate change impacts on Asian rice production. This paper analyses the seasonal precipi-
tation consequences to irrigated crop yields, in opposition to the idea that irrigated crop yields are not affected by pre-
cipitation changes. Geostatistical methods are applied to assess changes in the patterns of seasonal precipitation and
corresponding changes in the Boro crop production in Bangladesh. Surfaces depicting changes in the monsoon,
non-monsoon and total precipitation from 2006 to 2007, and changes in three varieties of Boro crop yield and Total
Boro yield from 2006-2007 to 2007-2008 crop years are generated through Splines, Inverse Distance Weighting and Or-
dinary Kriging methods. Performance evaluation of these models is also performed. The relationships between the sur-
faces of different precipitation seasons and the surfaces of different Boro yield seasons are then assessed. The results
show that there is a significant correlation between seasonal precipitation changes and Boro yield changes with notable
correlation coefficients and similarity in the patterns. A significant conformity of the high precipitation zones to the

high Boro yielding zones is also depicted.
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1. Introduction

Geostatistics, which is based on the theory of regiona-
lized variables [1-3], is increasingly being preferred to
produce interpolated surfaces of spatial attributes be-
cause it allows one to capitalize on the spatial correlation
between neighboring observations to predict attribute
values at unmeasured locations. Spatial interpolation tech-
niques, such as Splines, Inverse Distance Weighting or
Kriging methods, are commonly used in climate vari-
ability analysis [4-8]; and agriculture management and
planning [9,10]. The need for a geostatistical assessment
of the vulnerability of crop production due to unfavor-
able weather events and climatic conditions at regional
scale has been clearly expressed, particularly by the im-
pact-research community [11-13]. Moreover, in the con-
text of climate change impacts on Asian rice production,
[14] argue that geo-spatial vulnerability assessments may
become crucial for planning targeted adaptation pro-
grams.

Rain-fed crops are heavily affected by the annual
variations in precipitation. Though it is commonly ac-
cepted that technological advances, such as improved
crop varieties and irrigation systems, have reduced this
vulnerability, weather and climate are still important
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factors and play a significant role in irrigated and high-
yielded crop productivity. Generally high temperatures
and low precipitation in the dry lands lead to depletion of
organic matters in the ground which affect crop produc-
tivity. The impacts of climate change on food production
raise global concerns [15-18]. In Bangladesh, lives and
livelihoods mainly depend on agriculture and this is one
of the most vulnerable countries to climate volatility and
change, which potentially increases poverty by affecting
agricultural productivity [14,19-22].

National development programs of Bangladesh en-
couraged farmers to produce high yielding varieties
(HYV) of rice all year round covering the three seasons,
namely Aus rice (pre-monsoon), Aman rice (monsoon)
and Boro rice (dry winter), particularly in areas endowed
with supplemental irrigation facilities [23,24]. The Boro
rice is the major cereal crop in Bangladesh as it repre-
sents approximately 60% of total cereal production [25].
The Boro crop is largely dependent on irrigation and
proper application of other major inputs such as seeds,
fertilizer and insecticides. Fertilizers are out of reach to
most of the farmers in Bangladesh due to their higher
costs, which causes an imbalance use of fertilizers [26]
[27]. Nevertheless, at the growing and flowering stage,
the most important factor for Boro production is a favor-
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able climatic condition. The Bangladesh precipitation
regime is highly variable in both time and space. The
annual mean precipitation varies from 1400 mm in the
west to more than 4300 mm in the east of the country
[28]. Four seasons can be distinguished: the dry winter
season (December to February), the pre-monsoon hot
summer season (March to May), the rainy monsoon sea-
son (June to September), and the post-monsoon autumn
season (October to November). In the pacific subtropical
climate of Bangladesh, precipitation is an indicator of the
climatic regime for crop production, during the hydro-
logical period known as monsoon [29].

[30] showed that there will be no substantial change in
the total demand of irrigation water in Boro rice fields in
the northwest part of Bangladesh in the context of global
climate change. The results from this study also show
that there will be an increase in the daily use of water for
irrigation, which may aggravate the situation of ground-
water scarcity in the region during the dry season. Boro
production is not likely to be affected by monsoon pre-
cipitation since it is an irrigated crop and is produced in
the dry season. However, crop production statistics have
shown that the total area under Boro crop has increased
from 4,257,873 hectares in the 2006-2007 crop year to
4,607,630 hectares in 2007-2008 crop year, which corre-
sponds to an increase of 8.21%, which was accompanied
with an increase of monsoon precipitation from 1678 mm
in 2006 to 2356 mm in 2007. At the same time, the av-
erage yield rate of 2007-2008 crop year has increased to
9.67 metric tons per hectare for Boro rice, which is
3.86% higher as compared to 2006-2007 [25]. Therefore,
these statistics provide some evidences that there might
be a considerable correlation between irrigated crop pro-
duction and monsoon precipitation.

The main objective of this study is to analyse the ef-
fect of seasonal precipitation change on irrigated Boro
production in Bangladesh. First, deterministic and krig-
ing methods have been evaluated and compared in order
to find the best method to generate surfaces describing
the precipitation and Boro production change phenome-
non in Bangladesh. Afterwards, the selected interpolation
method has been used to spatially interpolate the total
and monsoon precipitation of 2006 and 2007, the pro-
duction of different varieties of Boro rice (Local, HYV,
Hybrid), as well as the Total Boro production of 2006-
2007 and 2007-2008 crop years. Finally, the relationship
between precipitation changes and Boro production
changes has been assessed.

2. Study Area

The total area of Bangladesh is 147,570 km?, and there
are only 34 meteorological stations managed by the
Bangladesh Meteorological Department, to measure pre-
cipitation and temperature [31]. Among them, 31 stations
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(Figure 1(a)) provide the precipitation data for 2006 and
2007. The total area is divided into 23 crop production
regions which represent the crop districts of Bangladesh.
The major cereal crop, Boro rice, is produced in all of the
crop districts (Figure 1(b)) and Boro yield data of 2006-
2007 and 2007-2008 are available for all these districts.

The economy of Bangladesh depends primarily on ag-
riculture. Approximately 84% of the total population live
in rural areas and are directly or indirectly engaged in a
wide range of agricultural activities. The agriculture sec-
tor plays a very important role in the economy of the
country accounting for 31.6% of the total GDP in 2007-
2008 [31]. Within the agricultural GDP, the crop sub-
sector contributes 71%, and within the crop sub-sector,
food grain (particularly, the rice crop) dominates the
country’s agricultural scenario in respect of both cropped
and production, claiming a share of 74% and 54% per-
cent, respectively, during 2006-2007. The sector gener-
ates 63.2% of total national employment, of which Boro
crop share is nearly 55%. The prospect of Bangladesh
self-sufficiency in rice has proceeded as the growth in the
Boro production rate has increased. Three varieties of
Boro are produced in the 23 crop districts: Local, High
Yielded Varity (HYV) and Hybrid Boro. The Hybrid
Boro has been introduced in the 2007-2008 crop year
with a very satisfactory yield rate [31].

Bangladesh is one of the countries where crop produc-
tion is most likely to suffer adverse impacts from an-
thropogenic climate change [30,32]. Climate change has
a profound impact on precipitation intensity and variabil-
ity in Bangladesh [33,34]. Global Climate Models
(GCMs) showed that global warming will increase the
intensity of extreme precipitation events in Bangladesh
[35]. Regional projections also revealed that climate
change would strengthen monsoon circulation, increase
surface temperature, and increase the magnitude and
frequency of extreme precipitation events [36]. In Bang-
ladesh, the agriculture region of the southwest is ad-
versely affected by extreme water shortages and severe
moisture stress during the dry months [37]. In the north-
western part of Bangladesh, drought is also a common
phenomenon [28]. In addition, monsoon precipitation has
increased in the western part of the country [38]. Salinity
ingress is also a major hazard faced by Bangladesh [32,
39]. The seasonal variation of precipitation will affect
crop production that solely depends on precipitation,
while also affecting the irrigation processes. [30] dis-
cusses the impact of climate change on irrigation water
demand.

3. Materials and Methods
3.1. Data
The daily precipitation data of the years 2006 and 2007
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Figure 1. Bangladesh with the location of (a) 31 meteorological stations for which precipitation data is available for 2006 and
2007; and (b) 23 crop districts.
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used in this study were provided by the Bangladesh Me-
teorological Department for 31 meteorological stations.
Average and total precipitation, for monsoon (hydro-
logical period) and dry season, have been computed from
the daily precipitation dataset and have been used for
surface interpolation. A quick overview of the data is
presented in Figure 2, which shows an increase in the
monsoon precipitation from 2006 to 2007 in almost
every station, particularly in Chittagong, Feni and Sita-
kunda.

Total Boro production data for three varieties (Local,
HYYV and Hybrid) of the crop years 2006-2007 and 2007-
2008, collected from the Bangladesh Bureau of Statistics
(BBS), for 23 crop districts are used in the Boro produc-
tion analysis. Average yield per hectare of Local, HYV,
Hybrid and Total Boro rice have been calculated for
these two crop years. There has been an increase in av-
erage yield from 2006-2007 to 2007-2008 in every re-
gion of Boro production (Figure 3), which provides evi-
dence for some correlation with the increase of monsoon
precipitation in this period.

Daily precipitation has been measured at the meteoro-
logical stations and their geographical locations are
known. However, the Boro production data has not been
measured at any particular point location, rather it repre-
sents a region and thus this is inclusive and true for the
whole area within a regional boundary. To overcome this
shortcoming, the location of the meteorological station in

a particular crop district has been considered as the point
location of the Boro production in that district. The geo-
graphic centre of the district has been considered as the
point location of the Boro production whenever the crop
district had no station inside it (Figure 1(b)). Total, mon-
soon and non-monsoon precipitation data have been gen-
erated and used for spatial interpolating purposes. Simi-
larly, Total, Local, HYV and Hybrid Boro yield data
have been generated and interpolated.

3.2. Methodological Framework

Microsoft Excel® 2007 has been used to pre-process the
data for the geostatistical analysis, and ArcGIS™ 9.31 and
GeoMS" have been used in the evaluation and applica-
tion of the three widely used spatial interpolation tech-
niques: Thin Plate Spline, Inverse Distance Weighting
(IDW) and Ordinary Kriging. Prediction errors statistics
derived through cross-validation are used to evaluate and
compare their performance [40], namely the mean error
and the root mean square error. The best approach is then
used in the final surface generation of precipitation and
crop yield. Total precipitation data of 2006 and HYV
Boro yield data of 2006-2007 crop year have been se-
lected to perform the evaluation.

3.2.1. Interpolation Methods
Splines are exact interpolators that belong to a family of
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Figure 2. Monsoon precipitation at 31 meteorological stations of Bangladesh available for 2006 and 2007.
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Figure 3. Average yield (in metric ton) per hectare of total Boro production at 23 crop production districts of Bangladesh

available for 2006-2007 and 2007-2008.

methods called radial basis functions. These methods are
a form of artificial neural networks, and are conceptually
similar to fitting a rubber membrane through the mea-
sured sample values while minimizing the total curvature
of the surface [41]. A commonly used radial basis func-
tion named Thin Plate Spline, introduced by [42], has
been implemented in this study.

Inverse Distance Weighting (IDW) is based on the as-
sumption that the nearby values contribute more to the
interpolated values than distant observations. In other
words, the influence of a known data point is inversely
related to the distance from the unknown location that is
being estimated. Accordingly, the attribute of interest is
estimated as a weighted linear combination of several
surrounding observations, with the weights being in-
versely proportional to the distance raised to the power
value p (typically, p = 2) between each observation and
the unmeasured location.

Similar to IDW, Ordinary Kriging is based on a linear
estimator that assigns more influence to the nearest data
points in the prediction of unmeasured locations. Ordi-
nary Kriging, however, is not deterministic since it in-
corporates statistical properties of the measured data,
such as the spatial autocorrelation. The Kriging approach
uses the semivariogram to express the spatial continuity
(autocorrelation) and requires two separate steps: first,
calculating and modelling/fitting the semivariogram for
the whole area, followed by Kriging estimation of un-
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measured points in the area. The semivariogram mea-
sures the strength of the statistical correlation as a func-
tion of distance. Typically, an authorized variogram
model (e.g. exponential or spherical) is fitted to the ex-
perimental semivariogram values, calculated from data,
for given angular and distance classes. In bounded mod-
els (e.g., spherical and exponential), semivariogram
functions increase with distance until they reach a maxi-
mum, named sill, at an approximate distance known as
the range. The range is the distance at which the spatial
correlation vanishes, and the sill corresponds to the
maximum variability in the absence of spatial depend-
ence.

For total precipitation in 2006, the Ordinary Kriging
interpolation used an isotropic exponential semivario-
gram model with the range equal to 13 km, and the sill
equal to 6984.5. For the HYV Boro yield in 2006-2007,
the Ordinary Kriging interpolation used an isotropic
Gaussian semivariogram model with the range equal to 8
km, and the sill equal to 0.74915.

The implementation of those interpolation techniques
requires establishing the neighborhood search size, which
defines the neighborhood shape and the constraints of the
points within the neighborhood that are used in the pre-
diction of an unmeasured location. These parameters
have been set up by trial and error based on the cross-
validation results, particularly the minimum mean error
and the minimum root mean square error criteria. The
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neighborhood size that has been obtained for Spline has
also proved to be the best for all the other interpolation
methods: the number of sample points to be used in the
prediction of unmeasured locations was set to five, in-
cluding two points as minimum. The limited number of
observed data points explains this outcome. The default
value of twelve points meant that about half of the avail-
able sample points were contributing to the prediction,
despite the fact that many of those points were very far
from the location being estimated. Reducing the number
of points within the neighborhood of the location being
estimated assured the use of the closest values in the
calculation process.

After describing the reasoning of the interpolation
techniques implemented, we now briefly introduce their
mathematical formulation. Detailed descriptions of radial
basis functions and their relationships to splines and
kriging can be found in [43,44]. Interested readers should
refer to geostatistical textbooks [2,44] for detailed de-
scriptions on the IDW and Kriging methods.

Considering the problem of estimating the attribute/va-
riable z at an unmeasured location x,. Let {z(x;), i =1, -,
n} be the set of data x; measured at »n locations. In the
Splines approach, the predictor Z*(x) is a linear combi-
nation of a radial basis function #(r) as (1).

Z*(x0)=iwi¢(r)+wn+l (D

where, w; (i = 1, -, n + 1) are weights to be estimated
(W41 1s a bias parameter), and » = ||x; — Xyl is the Euclid-
ean distance between the prediction location x, and each
data location x;. The Thin Plate Spline function is defined
as (2).

¢(r):(0'-r)2 ln(O'-r) 2)

And the optimal smoothing parameter o is found by
minimizing the root-mean-square prediction errors using
cross-validation [41].

Both IDW and Kriging use a linear combination of
neighbouring observations to estimate the unknown value
at the unmeasured location x; as (3).

Z*(x) =2 A4 (x) ()

where A; are the weights assigned to each measured
point.

In the simplest form of the IDW interpolation, some-
times called Shepard’s method [45], the weights 4, are a
function of the distance (d;) between the prediction loca-
tion x, and the measured locations x; as (4).

d-*.”

>d
i=1

ﬂ,_:

1

4)
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where, p is a positive real number, called the power
parameter. Greater values of p assign greater influence to
values closest to the interpolated point. In this study, the
value of p was set to 2, and this method is known as the
inverse distance squared weighted interpolation.

Ordinary Kriging is based on the assumption that the
set of unknown values is a set of spatially dependent
random variables, hence each measurement z(x;) is a par-
ticular realization of the random variable Z(x;). In (3), the
optimal Kriging weights A; are determined by solving the
Kriging equations that result from minimizing the esti-
mation variance while ensuring unbiased estimation of
Z(xp) by Z*(x¢). In Ordinary Kriging, the Kriging weight
decreases as the datum location gets farther away from
the location being estimated, but unlike IDW weights,
negative Ordinary Kriging weights can occur. Typically,
negative weights arise when the influence of a specific
datum is screened by that of a closer one [2].

3.2.2. Performance Evaluation
The performance of each interpolation method has been
evaluated through error statistics derived through Jack-
knife cross-validation, or “leave-one-out” cross-valida-
tion. The prediction errors are calculated as the differ-
ences between the predicted values z*(x;) and the ob-
served values z(x;).

The mean error (ME) is commonly used to check if the
estimation is biased, and is defined as (5).

ME:%Z[Z*(X,.)_Z(X,.)] )

In order to check the accuracy of each method, the root
mean square error (RMSE) has been used as (6).

RMSE:\/%iijl:[z*(xi)—z(x,.)}2 (6)

4. Results and Discussion

4.1. Performance Evaluation of the Interpolation
Methods

Interpolated surfaces of total precipitation of 2006 and
HYV Boro yield of 2006-2007 crop year (Figures 4 and
5, respectively) have been produced through Spline, IDW
and Ordinary Kriging techniques. Results show that the
Spline approach provides a smoother surface than the
other methods, and the surfaces generated using IDW
show more diversity over the area than the Spline ones.
Nevertheless, the spatial patterns of total precipitation
and HY'V Boro yield obtained through Ordinary Kriging
exhibit more variability over the region than those ob-
tained either by Spline or IDW methods.

The interpolation techniques used to create those sur-
faces have been evaluated through prediction errors sta-
tistics. The bias and precision of each method have been
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Figure 4. Total precipitation in 2006. The surfaces have been generated through (a) Spline; (b) IDW; and (c) Ordinary
Kriging.
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assessed through the mean error and the root mean
square error, respectively (Table 1). The results show
that Ordinary Kriging proved to be the best interpolation
method since it has produced lowest errors statistics
when generating the surfaces of total precipitation in
2006 and HYV Boro yield in 2006-2007. Therefore, Or-
dinary Kriging method has been applied to interpolate all
the remaining surfaces of precipitation and Boro yield.

4.2. Spatiotemporal Patterns of Precipitation and
Boro Yield

Considering the results of the previous section, Ordinary
Kriging has been additionally used to spatially interpo-
late the total and monsoon precipitation of 2006 and
2007, and the production of different varieties of Boro
rice (Local, HYV, Hybrid), as well as the Total Boro
production of 2006-2007 and 2007-2008 crop years. The
semivariogram models estimated to generate each krig-
ing map of precipitation and Boro yield are listed in Ta-
ble 2. The precipitation maps generated show that the

south-eastern and north-eastern regions of Bangladesh
have experienced the highest amounts of monsoon pre-
cipitation in the 2006 hydrological season, and the area
under high monsoon precipitation has increased in 2007
in the south-eastern and north-eastern areas (Figures 6(a)
and (d)). During both years, the mid-western part of
Bangladesh corresponds to dry regions that have experi-
enced the lowest monsoon precipitation amounts. The
predicted surfaces for non-monsoon precipitation indi-
cate that the areas with the highest precipitation have
increased in the south-eastern and north-eastern areas of
Bangladesh (Figures 6(b) and (e)). On the other hand,
both surfaces indicate the mid-western part of Bangla-
desh as the driest region during the non-monsoon season.

Similarly to the maps of the monsoon season, the
south-eastern and north-eastern regions of Bangladesh
have experienced the highest amounts of total precipita-
tion in 2006, and the area under high precipitation has
increased in 2007 in those regions (Figures 6(c) and (f)).
Likewise, the mid-western part of Bangladesh corre-
sponds to the driest region in terms of total precipitation.

Table 1. Prediction errors statistics produced by the interpolation techniques for the surfaces of total precipitation in 2006

and HYV Boro yield in 2006-2007.

Attribute Prediction errors statistic Spline IDW Ordinary Kriging
Mean error —8.93 53 2.1
Total precipitation in 2006
Root mean square error 51.7 48.2 41.1
Mean error 0.0256 0.0485 0.0249
HYV Boro yield in 2006-2007
Root mean square error 1.0070 0.4908 0.4869

Table 2. Semivariogram models and parameters used in the Orinary Kriging interpolation of precipitation and Boro yield.

Attribute Model Range (km) Sill
Monsoon precipitation in 2006 Exponential 12 470,040
Monsoon precipitation in 2007 Exponential 6 567,540
Non-monsoon precipitation in 2006 Spherical 11 1,000,000
Non-monsoon precipitation in 2007 Spherical 9 1,474,000
Total precipitation in 2006 Exponential 13 6985
Total precipitation in 2007 Exponential 11 9000
Local Boro yield in 2006 Exponential 10 1.3231
Local Boro yield in 2007 Spherical 6 1.3855
HYYV Boro yield in 2006 Gaussian 8 0.7492
HYV Boro yield in 2007 Spherical 7 0.2600
Hybrid Boro yield in 2007 Exponential 9 0.2990
Total Boro yield in 2006 Exponential 14 1.1890
Total Boro yield in 2007 Spherical 3 0.3215

Copyright © 2012 SciRes.
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Figure 6. (@) Monsoon precipitation; (b) Non-monsoon precipitation; and (c) Total precipitation in 2006; and (d) Monsoon
precipitation; (¢) Non-monsoon precipitation; and (f) Total precipitation in 2007.

Hence, the total precipitation pattern over the year is ba-
sically determined by the monsoon precipitation.

All regions have experienced moderate to high Local
Boro yield in 2006-2007, except the north-western and
south-eastern corners of the country (Figure 7(a)). Local
Boro yield has increased significantly in the extreme
south-eastern corner in 2007-2008, and also increased in
the mid regions (Figures 7(a) and (c)). This result is in
agreement with the significant increase of precipitation in
this area. The remaining areas show similar patterns of
Local Boro yield in 2006-2007.

Considering the HYV Boro yield of 2006-2007 (Fig-
ure 7(b)), almost all the regions have experienced mod-
erate to high Boro yield in this crop year, except in the
south-western corner. On the other hand, HYV Boro
yield has considerably increased in the mid and north-
western regions in the 2007-2008 crop season, and de-
creased in southern regions. The north-eastern corner
also indicates low values of HYV Boro yield in 2007-
2008 (Figure 6(d)).

Hybrid Boro has been introduced in 2007, thus only
the surface of Hybrid Boro yield of 2007-2008 has been
generated (Figure 7(e)). Except some areas in the south-
eastern region, the map shows a gradual increase of Hy-
brid Boro yield to the mid north-western region, which is
the major crop production district of Bangladesh.

Copyright © 2012 SciRes.

The maps of Total Boro yield in 2006-2007 and 2007-
2008 represent the cumulative result of the yield of all
the Boro varieties (Figure 8). Total Boro yield is moder-
ate to high all over the country, except in the southern
region and in the north-eastern corner in the 2006-2007
crop year. Note that the southern region of Bangladesh
does not correspond exactly to a crop district, because it
corresponds to a highly irregular deltaic coastline, crossed
by many rivers and watercourses flowing into the Bay of
Bengal. The Total Boro yield has increased all over the
region in 2007-2008, except in the southern region.

4.3. Changes in the Spatiotemporal Patterns of
Precipitation and Boro Yield

The changes in the precipitation patterns from 2006 to
2007 have been evaluated and mapped using a raster
calculator, as well as changes in the patterns of Boro crop
yields from 2006-2007 to 2007-2008 (Figure 9). The
north-west and the south-eastern corner of Bangladesh
have experienced a decrease in monsoon and non-mon-
soon precipitation from 2006 to 2007, but the extent of
the change in total precipitation is smaller in these areas.
On the other hand, the mid north-western region, which
is the major crop production district of the country, has
experienced increased precipitation from 2006 to 2007.
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Figure 7. (a) Local Boro yield in metric ton per hectare and (b) HYV Boro yield in metric ton per hectare of 2006-2007; and
(c) Local Boro yield in metric ton per hectare; (d) HYV Boro yield in metric ton per hectare and (e) Hybrid Boro yield in
metric ton per hectare of 2007-2008.
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Figure 8. Total Boro yield in metric ton per hectare of (a) 2006-2007 and (b) 2007-2008.
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Figure 9. Changes in the (a) Monsoon; (b) Non-monsoon and (c) Total precipitation from 2006 to 2007; and changes in the (d)
Local; () HYV; and (f) Total Boro yield from 2006-2007 to 2007-2008.

Monsoon precipitation has increased in the northern and
southern periphery of the country by 27% - 57%, and in
the major crop production district it has increased more
than 90%. Non-monsoon precipitation, which is the most
significant for Boro production, has increased in the
larger crop production district of Bangladesh more than
30%, but decreased in the northern and southern corner
regions. The patterns of change in total precipitation
(Figure 9(c)) are similar to those of the monsoon and
non-monsoon precipitation in the corresponding regions.
A considerable increase in precipitation in the delta area
can also been identified in the precipitation change maps.

Almost all the regions of Bangladesh have experienced
a significant increase in Boro yield from 2006-2007 to
2007-2008, except some areas in some corners of the
country, which is consistent with the precipitation changes
over the country. This is especially evident in the major
crop production district of the country, in the mid north-
western region, which has experienced a considerable
increase in the precipitation and in Boro yield.

Local Boro yield has increased more than 30% in the
northern and southern belt of the country, and decreased
by 5% to 10% in the delta region. Local Boro has not
shown a large increase in the major crop production

Copyright © 2012 SciRes.

district, because this area has focused more on HYV
Boro production rather than Local Boro. In fact, the
HYV Boro yield has increased more than 30% in that
area. A similar increase in HY'V Boro yield occurs in the
eastern and southern belt of the country. The Total Boro
yield shows a similar pattern of increase and decrease,
though with much less variability than the Local and
HYV Boro, because it does not take into account the
Hybrid Boro yield in 2006-2007 crop year. The Total
Boro yield has increased 5% to 10% in the major crop
production district, whereas it increased 20% to 30% in
the south-eastern and north-eastern region. Moreover,
Total Boro yield has decreased 5% to 10% in the small
area near the south-western border of the country.
Despite the fact that the Boro production has not
shown a similar percentage of change to precipitation,
the areas that experienced an increase in precipitation
have also experienced an increased Boro production, and
vice versa. This might be explained by the fact that the
different varieties of Boro crop show different sensitivity
to the soil condition and precipitation, and that is why
different varieties are mainly produced in different re-
gions of Bangladesh. Hence, changes in precipitation can
have different impacts in the production of different va-
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rieties.

4.4. Relationship between Precipitation and Boro
Crop Yield Changes

The correlation between the maps of precipitation changes
and Boro production changes has been evaluated using
Band Collection Statistics. The results show moderate to
large correlation values between precipitation changes
and Boro yield changes (Table 3).

Monsoon precipitation changes have a strong correla-
tion (0.65) with Local Boro production changes. Local
Boro is locally produced and technologically not ad-
vanced. It mostly depends on irrigation, which comes

from natural storage of water from monsoon precipitation.

This might explain why regions with decreased monsoon
precipitation have also shown a decreased Local Boro
yield. On the other hand, changes in the dry season pre-
cipitation considerably affect the HYV Boro production
as the corresponding correlation coefficient is equal to
0.76. HYV Boro is typically produced during the dry
seasons. This implies that the HYV Boro production
classically should be independent of amount of precipita-
tion in dry period whereas it is highly dependent. Obvi-
ously, the water supply from precipitation increases the
growth rate and health of the seedlings and the moisture
content of the soil in addition which is not attainable only
from irrigation. Moreover, precipitation changes in both
hydrological seasons are also moderately related to the
Total Boro production.

The strong correlation between precipitation and irri-
gated crop production, such as Boro rice, might be ex-
plained by the fact that the source of irrigation is com-
pletely natural and this natural source should be replen-
ished every year by precipitation. When there are irriga-
tion resources available the production rate of Boro rice
increases, apart from the sensitivity of different varieties
of Boro to the amount of irrigation. Furthermore, pre-
cipitation also controls the soil moisture which is an es-
sential factor for crop production. Some of the varieties
of Boro completely depend on the moisture quantity of
the soil, and thus on precipitation. Ground water provides
adequate amounts of water to crops to compensate the
precipitation variability from place to place and time to
time, but the source of ground water is, again, precipita-
tion [46].

That situation is highlighted by further analyzing
changes in monsoon precipitation and Local Boro yield
in the south-eastern region of the country. In 2007, the
monsoon precipitation has increased in this region over
30% (Figure 10), and Local Boro yield has likewise in-
creased more than 30% in this area. The northern part of
this region shows a small decrease, because this is a
mountainous area and completely unsuitable for Boro
production. The production of the Local Boro variety
mainly depends on precipitation, as it does not depend on
other factors such as genetics or any other technological
improvement. Therefore, the increase in the Local Boro
production in this particular area is mainly ensued by the
increase in the monsoon precipitation. Similar results
have been observed for non-monsoon precipitation changes
and changes in the other varieties of Boro rice.

A careful look to the spatial trend of precipitation at
the weather stations locations and the distribution of
Boro yield in crop production regions also supports the
previous arguments (Figure 11). Locations with lower
total precipitation in each year have also lower Total
Boro yield, and stations with higher total precipitation
have higher Total Boro yield rate, likewise. Hence, this
provides further evidence that total precipitation strongly
affects the Total Boro production.

5. Final Remarks

This study analyzes changes in the spatiotemporal pat-
terns of precipitation and Boro rice production over
Bangladesh, based on maps produced through geostatis-
tical techniques whose performance has been evaluated.
The effect of the seasonal variation of precipitation on
irrigated and high yielded crop production has been fur-
ther investigated through geo-band collection statistics,
particularly the correlation between precipitation changes
and changes in the Boro production. Results provide
strong evidence that precipitation highly affects Boro
yields. This research has contributed to the knowledge of
the spatiotemporal patterns of improved crop varieties
and their relationship with seasonal precipitation in
Bangladesh.

The study possesses some inherent limitations, though
it has thoroughly analyzed the relationship between sea-
sonal precipitation changes and irrigated Boro production.
The sample size of thirty one meteorological stations and

Table 3. Correlation coefficients between precipitation changes and Boro yield changes.

Local Boro yield changes

HYV Boro yield changes Total Boro yield changes

Monsoon precipitation changes 0.65
Non-monsoon precipitation changes 0.13
Total precipitation changes 0.14

0.29 0.54
0.76 0.43
0.46 0.43

Copyright © 2012 SciRes.
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(2)

twenty three crop production districts are too small to
accurately characterize an area of 147,570 km”. This is
the reason why, sometimes, the interpolated surfaces
show sudden pattern changes or bull’s eye effects. The
assignment of point locations to the crop districts ac-
cording to the location of the meteorological stations, and
to the geographical center of the region, might also have
adverse effects on the analysis. Nevertheless, this ap-
proach was considered the best because of the unavail-
ability of data and allowed to serve the study purpose.
Climate change has undoubtedly introduced erratic
seasonal variations in precipitation in many parts of the
world. This rate is increasing abruptly. Long term un-
mitigated climate change will “likely” exceed the capac-
ity of people and the natural world to adapt [47]. The
technologically advanced world has modified the gene-

Copyright © 2012 SciRes.
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Figure 10. Changes in (a) monsoon precipitation and (b) Local Boro yield in the south-eastern region of Bangladesh.

tics to introduce improved crop varieties and to make
them resistant to climate change effects. However, as
discussed in this study, genetically improved irrigated
crops, which are not likely to be affected by changes in
precipitation, are in fact affected by them in a roundabout
way. This study hopes to draw attention to such indirect
climate variability effects, which will eventually affect
the survival of human beings, and encourage further re-
search on this subject.
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