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Abstract: The long-term variation in rice production in Bangladesh was examined for the period from 1947 to 2008, and the impact of 

rainfall and recent severe floods was discussed. Although rice production is highly dependent on summer monsoon rainfall in India and 

other Asian monsoon countries, the relationship is poorly identified in Bangladesh. On the other hand, a clear relationship has been 

observed between severe floods and rice production. In general, there are three varieties of rice crop in Bangladesh, namely Aus in the 

early rainy season, Aman in the late rainy season, and Boro in the dry season. The cultivated area of Aman was almost constant 

throughout the study period, with some sharp drops in severe flood years. That of Aus slightly increased before the mid-1970s, and then 

began to decrease subsequently, decreasing more rapidly after the late 1980s until 2006. The yield of Aus tended to rise sharply in years 

following severe floods. That of Boro gradually increased after the mid-1960s, in particular after years of severe flooding. The yields of 

all varieties, especially Boro, consistently increased starting in the mid-1960s, due to the introduction of high-yielding varieties. Because 

yields also tended to increase after severe flooding, the total rice production rose sharply after years of severe floods. After the severe 

flood of 1998, the production of Boro exceeded that of Aus for the first time, and the difference in production between these two 

varieties has since increased. As such, rice production in Bangladesh has almost consistently increased in time, even with severe flood 

damage during rainy seasons.  
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Introduction 

Bangladesh is a major rice-producing country, the 4th 

leading producer in the world in 2008 (FAO, 2009). It is 

expected that the world food supply will become scarce in 

the middle of this century as a result of a population 

explosion. However, rice production in Asia is still 

unstable and fluctuates yearly (Yoshino, 1998; Gadgil and 

Rupa Kumar, 2006). Most of the rice-producing countries 

in the world are located within the Asian monsoon region, 

and rice cultivation is largely influenced by monsoon 

climate. For instance, Parthasarathy et al. (1992) showed 

that food grain production in India is strongly influenced 

by the summer monsoon rainfall, where there is more 

production in years of abundant rainfall and vice versa. 

Krishna Kumar et al. (2004) confirmed this correlation 

with major crops including rice in India. A similar 

relationship was pointed out between rice yield and May–

October rainfall in India and Thailand by Gadgil and Rupa 

Kumar (2006) and between rice production and annual 

rainfall in Bangladesh by Mowla (1976). However, Gadgil 

and Rupa Kumar (2006) reported that there is no 

discernable relationship between the year-to-year changes 

in rice yield and the change in seasonal rainfall during 

monsoon seasons across Bangladesh, due to the 

hydrological environment of rice cultivation in 

Bangladesh, which is very different than that of India.  

In Bangladesh, rice is grown in the low-lying delta land 

formed by three major rivers: the Ganges, Brahmaputra, 

and Meghna. Severe floods often occur in these regions, 

causing extensive property damage. In 1974, 1987, 1988, 

1998, 2004, and 2007, severe floods occurred in 

Bangladesh. The flood of 1998 was the worst one; it 

inundated 70% of the country and left approximately 

1,000 people dead. Some studies have focused on flood 

damage to rice production (Murshid, 1989; Brammer, 

1990; Paul and Rasid, 1993). However, these studies 

analyzed crop damage data, which only reveals the 

negative impacts of floods on agriculture. It is important to 

note that floods are not necessarily disasters for farmers 

because they can have positive effects by depositing fertile 

soil and water (Nakao, 1996). Indeed, Asada et al. (2005) 

showed that rice production in Bangladesh was higher 

after years of severe flood than that of previous years, 

suggesting that severe floods may increase long-term rice 

production. In addition, Asada and Matsumoto (2009) 

reported regionally variable effects of monsoon rainfall in 

the Ganges-Brahmaputra Basin.  

This paper aims to further examine the trend in rice 

production in Bangladesh from 1947 to 2008 by updating 

the data utilized in Asada et al. (2005), and to reveal the 

relationship between monsoon rainfall/severe flooding and 

rice production. After 2000, severe floods occurred in two 

years, 2004 and 2007.  

 

Materials and Methods 

 

Rice cropping patterns in Bangladesh: In general, there 

are three varieties of rice crop in Bangladesh: Aus, Aman, 

and Boro. The growing period of each variety corresponds 

soundly with season. The climate in Bangladesh is 

characterized by a cool dry season, a hot summer season, 

and a rainy monsoon season. The dry season prevails from 

mid-October through February and less than 5% of annual 

rainfall occurs during this season. The hot pre-monsoon 

season lasts from March to May, which accounts for 15–

20% of the annual rainfall. The rainy season starts in early 

June and ends in mid-October and 75–80% of the annual 

rainfall occurs during this season. 

Aus is normally planted in April and harvested in July or 

August, before annual floods reach the peak stage. After 

that, Aman is planted in August, to correspond with the 

drop in floodwater, and is usually harvested in November 

or December. These are the two rainy season rice varieties. 

On the other hand, Boro is the dry season variety. It is 

normally planted in December and harvested in April or 

May.  

High-yielding varieties (HYV) of each strain were 

developed for breed improvement and were introduced in 

the late 1960s after the Green Revolution (Islam and 

Taniguchi 2000). As the name implies, the yields of HYVs 

are much higher than those of the local varieties. However, 

they require a large water supply, fertilizer, and sufficient 
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care, as they are vulnerable to drought and harmful insects. 

These varieties cost more than local varieties, but their 

benefits are also much higher (Islam et al. , 2001).  

Data used in this study: The agricultural data used in this 

study were taken from Hamid (1991) for the period from 

1947 to 1967 and from the Yearbook of Agricultural 

Statistics of Bangladesh published in the Bangladesh 

Bureau of Statistics for the period from 1968 to 2008. 

These books contain information about rice production (in 

metric tons) and cultivated area (in hectares) of Aus, 

Aman, and Boro. For each variety, the data are split into 

the local and HYV strains. It should be noted that the 

statistical year of agricultural data does not always agree 

with the actual crop year. In these data books, the annual 

rice production data are based on the seeding period of 

each variety. For instance, the production of Boro in 2000 

is that seeded and grown from November 2000 to April 

2001. The annual rice production in 2000 indicates the 

sum total of the production of Aus and Aman harvested in 

2000 and that of Boro harvested in 2001. The irrigated 

area data (in hectares) can also be obtained from the same 

yearbook. These data are available for each of the three 

varieties from 1969 to 2008.  

As for the seasonal rainfall data, we utilized the total 

rainfall in the monsoon season (June to September) across 

Bangladesh from 1980 to 2008, averaged by seven major 

stations operated by the Bangladesh Meteorological 

Department (BMD: available at http://www.bmd.gov.bd/ 

Monsoon_rain/Bgd_mon_rain.html). 

Data on flood-affected areas during the monsoon season 

(FFWC, 2004), represented as the percentage of the total 

country, were taken from the Bangladesh Water 

Development Board (BWDB). These data are available 

from 1954 to 2008, excluding the years 1957–1959, 1979, 

1981, and 1997. These years basically correspond to years 

with less flooding and the influence on rice cultivation was 

small. 

Results and Discussion 

 

Relationship between the year-to-year changes in 

Aman rice yield and rainfall:   First, we investigated the 

relationship between the year-to-year changes in Aman 

rice yield and monsoon rainfall in the whole of 

Bangladesh from 1980 to 2008. The year-to-year changes 

were analyzed because simple yields have tended to 

increase mainly due to the increased use of HYV strains 

(Gadgil and Rupa Kumar 2006). Fig. 1 presents the time 

series of year-to-year changes in Aman rice yield and 

Bangladesh monsoon rainfall by BMD for the period 

1980–2008. As shown in a scatter diagram in Fig. 2, there 

were no apparent relationships between these two 

variables. 

 

 

 
 

Fig. 1. The year-to-year changes in Aman rice yield and monsoon rainfall in the whole of Bangladesh for the period from 

1980 to 2008. 

 

Variation in the cultivated area: The inter-annual 

changes in cultivated area of each variety and total 

cultivated area are presented in Fig. 3. Total cultivated 

area gradually increased through the 1970s and remained 

relatively constant throughout the 1980s until 1998, which 

was a year of severe flooding. In 1999, total cultivated 
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area increased suddenly by 10%. A further increase was 

observed in 2008. Although the limited availability of 

arable land in Bangladesh is considered as a major 

impediment to agricultural development, and surpluses can 

only be produced by increasing either the yield or 

cropping intensity (Siddiqui and Suzuki, 1990), an 

increase in the dry season crop due to the development of 

irrigation enabled the expansion of the cultivated area.  
 

 

 
Fig. 2. Relationship between the year-to-year changes in Aman rice yield and monsoon (June to September) rainfall in the 

whole of Bangladesh for the period from 1980 to 2008. 

 

 
 

Fig. 3. The inter-annual variation in cultivated areas and flood-affected areas from 1947 to 2008. 
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The cultivated area of Boro rapidly increased in 1988 and 

1998, and then slightly increased after the severe floods in 

these years. A similar rapid increase occurred after a 

severe flood in 2007. The cultivated area of Boro reached 

approximately 85% of that of Aman in 2008. Of course, 

the continuous increase in Boro cultivation was due to the 

constant expansion of irrigation (Fig. 4). In sharp contrast, 

the cultivated area of Aus has continually decreased since 

the mid-1980s. However, it appears to have hit bottom in 

2006 and has gradually started to rebound. Aman 

cultivation tended to decrease during years of severe flood 

but then to recover to the previous-year level in the year 

following floods. It remained almost constant throughout 

the study period. The results obtained here are almost the 

same as those reported in Asada et al. (2005). It may be 

important to note that, since their report, the decrease in 

Aus cultivation seems to have stopped.  

           

 

 
 

Fig. 4. Inter-annual changes in the cultivated area of HYV and local Boro, and in irrigated areas. 

 

             

 

 
 

Fig. 5. As in Fig. 3, but inter-annual variation in rice yields. 
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Variation in yield: Fig. 5 shows the changes in yield for 

each rice variety. Before the introduction of the HYV 

strains prior to the mid-1960s, the yields of all three 

varieties were about the same (1 to 1.5 tons per hectare), 

although that of Aus was the lowest among the varieties. 

After the mid-1960s, the yield of Boro rapidly increased to 

2–2.5 tons per hectare, while those of Aman and Aus 

remained about constant until the severe floods in 1988 

and 1998, respectively. The Boro yield increased 

consistently after the mid-1990s and is currently at about 

3.8 tons per hectare, nearly twice as much as the other 

varieties. In the years following the 1988 and 1998 floods, 

the yield of Aman rose significantly. However, after the 

severe flooding in 2004 and 2007, Aman yield dropped, 

and its recovery in the subsequent years was minimal 

compared to that observed after the 1988 and 1998 floods. 

Since 2000, Aman yield has remained about constant at 2.0 

tons per hectare. On the other hand, Aus yield increased 

after the severe floods in 1998, 2004, and 2007. After the 

report of Asada et al. (2005), Boro yield continued to 

increase until 2007, while Aman yield remained about 

constant and Aus yield began to grow after the severe 

floods of 2004 and 2007. 

Inter-annual variation in rice production: The variation 

in production is expressed by changes in both the 

cultivated area and the yield. Fig. 6 shows the changes in 

total rice production and changes in the production of each 

variety. The total production increased consistently 

throughout the study period and is now more than four 

times greater than it was 60 years ago (7 million tons in 

1947 to 31 million tons in 2008). Among the three 

varieties, Boro increased the most, especially after the 

1980s. As Asada et al. (2005) pointed out, total annual 

production increased most after the floods of 1988 and 

1998. A similar trend can be found in the most recent 

severe flood of 2007, during and after which Boro 

production increased rapidly. The production of Boro first 

exceeded that of Aman in 1998, the most severe year of 

flooding in the last century, and it continued to increase 

subsequently. At present, Boro is the primary rice variety 

produced in Bangladesh. This is a unique characteristic 

among the rice-cultivating monsoon countries, where the 

major rice-growing period is normally during the summer 

monsoon season (Gadgil and Rupa Kumar, 2006). After 

2007, its production was approximately 1.5 times as high 

as that of Aman and this tendency is not predicted to 

change in the future. 

 

           

 

 
 

Fig. 6. As in Fig. 3, but inter-annual variation in rice production. 

 

The production of Aus continued to decrease after the mid-

1980s. Aus accounted for nearly 30% of the total rice 

production in 1970, but just 6% in 2008, while Boro 

accounted for 20% in 1970 and 57% in 2008. However, it 

seems that the decrease in Aus production stopped after 

2004. Aman production also decreased during recent 

severe floods in 2004 and 2007. Although in the following 

years its production returned to previous levels, Aman 

production did not increase much after 1999.  

Asada et al. (2005) showed that the annual total 

production remained about constant during severe flood 

years and rapidly increased in the year following severe 

flooding. They also showed that the long-term increase in 

total rice production accelerated after severe floods, 

despite paddies incurring major damage in the short term.  

 

Conclusion 

This study updated the information on the long-term 

variation in rice production in Bangladesh and the 



 

6 

 

relationship between rice cultivation and the hydrological 

environment of Bangladesh provided by Asada et al. 

(2005).   

Asada et al. (2005) proposed some hypotheses about rice 

production in the recent severe flood years in Bangladesh. 

During the severe flood years of 1988 and 1998, rainy 

season Aman production greatly decreased both in terms 

of cultivated area and yield, whereas dry season Boro 

production drastically increased in cultivated area at the 

same time. This expansion in Boro cultivation may be 

attributed to the utilization of the residual surface water of 

the floods and to the quick response of local farmers 

reported by Ando et al. (1990). It is also noticeable that 

the introduction of HYV strains became more pronounced 

after severe flood years for each of the three varieties, and 

that this also led to increased yields. The higher yields 

may also be attributed to fertile soil deposited by 

floodwater.  

After 2000, two severe floods occurred in Bangladesh, in 

2004 and 2007, although they were not as severe as those 

in 1988 and 1998. The responses of each variety to these 

floods were similar to the responses to previous floods, 

especially for Boro. The results obtained here confirm the 

validity of our former results. However, slight changes 

were also observed after 2000 in the cultivation area of 

Aus and in the yields of Aus and Aman. As such, 

Bangladesh agriculture has been continuously evolving 

even with severe flood damage during rainy seasons. The 

large increase in dry season rice production may help 

minimize the deleterious effects of flood on the total rice 

production of Bangladesh.  
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